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vulome = N*/Vrm volume = N*/Vj^ volume = iV*/m 

aq842)10w per (=fc)|sip0842)10“ pur (*feMs4ffl0842) 10“ per C^Hsm 

MterriiMiiipItiif -®i «;tiKMlclrawi^ri®f fwliMritrfrwtiiirtftrf tMe sscfe 
volinim frfrtPai^iii^l voliipte volupi# #i 

ystem: preagiirB of the system; pressure of the system: pressure of the s 
yh;%53, P) # == y W* = y^ch;^ (M) a* JiiH y W* = y4:*«m (fi) »* = J*N* ^ 
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gives 

kr e* kr o* 

y- -7- 19) te T- ^ 

n ^ n T 


gives 

(9) m 


kr 
h I 




apnit lJiairB,umt fl^Bi^ote kMlra,uiiit f^pL6|feymi kncln 
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3ifJifiA^^WENEOUSfiMA^^»ENEOUSt®aj^^»ENEOU£ 


and (l^gibmmg (v) and (l^gjtatfHing (7) and (ItttositoMing ( 7 ) 


1/ i _ 
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(33) JE 


k a* 


(13) 


K O* 

ES^SI 


(IS) 


lole fr^^iori, to unit mole fri^ifiii, to unit mole fiaipliiai, to unit n 

ETl to*, kE a* kto kr O* _ kk Jf 1^ fcto ^«! 
kcmctu k''ittnlinki^ UOoSr k dttoli'yk^ aoe 
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=*# liqi^ifeljs^diiEtdWtf \iqi0kmmMmy%p^ lu^^ysMm^i 























WBfa jjMf 


hehsmOTZ behavior; behavior: 

(y iMrafjtftti r&MTBatedhgity-l Weftaf j^fc) ritetf mawateiv^ticrat ri&aiinBto-rthftr 

l|»ilM«tt«pfKiiipilsi!lp«ihriM«*4s»^iii#fti4llf^ 

aad 2 atm pitssiire- MuJ 2 alfa presKiire, ajjil 2 atni pressure^ 


Oj Ihijejh =a l^p and** = 1.0, theiiis+ = 1.0 and = i.O, thenn =0(1 andass = 1. 

-32731} 3a.(M). -32730 35.00 -32730 35.i 



piWiwl 

m)^ ^ (atfii) 


iflfpTaM^iiWipEtt 

iti«^=^!lW«rt»rfrfJtenip!w»f#gd%Jii«T#fiteiiiJfflfwaf#|sfc 





























3US [OiiiAOT^WENEOra [CBfiA^^MENEOUB fCHigaM»lSENE< 








KVl-9 anit(|iiitliSli#iffVl-9 aiiic|iiitjfw#i|W Vl-P aiia<|^ttttw#i|: 
1 + ACTir (Mfit - it + AEjr (Mif^ - ii + ^cifr (me* - i 

i + AEiln l2iB* - i| + AE| In fIMB* - i| + AOj In ^ J 










tt (U)mA^^^^M, (l7)^rtt#lfaMbi<C (17)^4<pi5TMibi< 

^ I _7££:_M! i. 

fir ^ ^2)^ - ^ = e “ fif ^ ‘p 2)K = jl, ^ e " ^ ^2)X = = e “ 

A ^ = = 

where \ whOTB \ wtee \ 

= hify-VAH®)Mf® -- ^iWAJifl3)Afl^ Aff|^ 

Aa*"(24) hh® ^ ^ h5fi(24) Aj® - aS^ - AAfi(24) AJ® = AA* ^ 


JO 


action 


aotioij 


actif 




mi. reaction are known. reaction are known, reactinn are Jmre 



C*iW#l%«tlcltt 
Atos ttb e ac 


ias3 oveMtttipiiac®^ Pasa ovwatoilftieH^ pass ovmfMmim^^ p 

Irfi 






reaction; reaetion! reaction: 

Oi 2NO re Nj + Oi 3N0 re Ns + Os 2NO re Ms ti 


iiiac-al I’ableS arc resUcal Tablea are naiLlcal Tables are 

16Vgter)(fc0fl«« realtor) prtcftttf fii^§ter)Cfci!j(i(ag W 





































JS (C»A^^nSENEOUS latfiA^^WENEOUS [OtBA^^MENEOt 


M of fc and E^tf^Muns of fc anti E^t^f^Mnos of d and EAtEWHu* 

f|^MW»toi%yMMw«*W^ 



aquation j§it^i^ftlig in Equation sq^iMHiFtig in EquaEou g|^|iipjftig in ; 

- rpil^i frA - ipllfei tt4^ - ^ 

^g=+i?ir^-Trtfcr+ 

red rnMrnlimmm^uM) solved srnrnlmmmiMWmm solved Emidtfpfilllllsqun goE 

AS* AS* =Aff»wm2ooj_ AS* ^ Aff maa^aoct^ 

luation (19J ffjll^i^Eqilatioii ClIIJ fljlp^J^Ecpiaiioll (19) 

5f2)ft6)*l) & A alliClSfSlfifii*!) a Jlf 6Ip WC1572)fiBpiO A ^ 62,131(1 


> iiHii, Froin Equatioii taJlj From Fqiisdicni (20), rTom EqUaiiou 

haiiajio.sis =2ldl=-^i»Wiii|o.3® Jlj|= =miiiWi&iio.3is 


0(2MitMj«"iliif72‘^ 1 nf250fi||i"ll®f72'- i.oC250(l|ft"©i?t72^- IJ 

IE In |p0^^|(top8^ IE la gpo.^^l(|fW- EO In 


Mtasisfv»W*W«» 

E am^ = ^43,200 nif^ =s =43,2(KJ pJI^ = —43,2C 


1 ' E 291 Esyi E28: 


=SD E I n An’ = —0,00 + 




= 2.4242^ ^ ^ = 2EE«^ ^ ^ ^ 2EWkr = ^ ©3^^ 

- 4,5762^ “ 4,6767^ “ 4E7fi7^ 


K ^ 298 


K = 298 
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/ooi onAooaj 


/OnN sTirEIidj. 






















EQUATd^^HlOTilp EQUAxS^^TlWIf^ AQUA 1 WHff I 

10H507 1 4.770 10S.697 14=770 108=507 14.778 

477 = 04H77 - 0.0477 = 0=0 
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j bond, jabout the 0—0 bond, /about the 0—0 bond, /about the O—< 


j bond, /about ttie u—47 bond, /about tue u—u bond, /ai 


|^^M»e£(lt 
























rm[CJifiA^^^®ENEOUS[MA^^^pENEOUSrCBB*^^^BENEO^ 


iwalMihl wAign^^^rtfigaiaghl aWciii witagjdiifeacti 

ffteed the frequeTwjj fim^md the frequ^ncj/ ^Ktoed the fiequencM ^ 



i^teiWpawaifisiuia^rttect^^^Maiiiiiiis^gtetep^rtaiiWbia 



i«diWirttaWihfi»iHBfflrtp®trttal^teii«faaiBdt^trtiiii^Ali««iM 


lATEDiB 


:'i[r"Tri-ii-rfji- 


rfiiE sateHATE^^ m 


rah I 


Bn as may be wiitteii as may be written as may be writti 

r kuA (26) m = kaA (26) ty = kuA (26) m = 

i#aite mfcyfci^i^ 

mmqirnMfmiiSA iiwflirt «BquatyjlMiW f^fllrt^fiq uatMTCi^ ibyaffl 


^ = dyedOT- dye ^ - dyedCK)^ hyx — - dyaWD^ dye ^ 

Wt ni 7ii 


. sf moa^^^^mdem «f mo^m^Mmeiefsi, ef sotiigffli^ttiMciefll 
Efcp^to» M tfteetaaliAyiMiiBd M M i^m^m 


eorisideration consideration uonsHJeraiioii 

sideratioii sideration sideration 




Eqiiat^ii^hdlp^m Equai^^^ihlp^in Equat®«rdHihft 








TE DW^tofWWllliATE A 


— dtiA =dnA ~~~dn 


ig'rniSO)* 
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driA 
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Int^rfttion gives 


WZ^TniHO)- 


= kB'Tntm* = k 


dr 

Integratioii gives 


At 

Integration giv 


r7e^7V(3J)^ IjjEAi _ g|e^gV(31)* g, ™ ^ gU^y^(31)* g,!Mt = j 


Va Va va 


ler of thttfiitefcefc power of tlifnpttefcBt power of pov 


m is expif»®iri 3 reafttioTi is expi»»iriyeactioii is expiwscirijreactic 
ittj, (33) = franOif (33J p, kamB (33) fv ^ ta 


»a^wi! 


ATR»H A-ra«ATH*J'S ApaflxTsOR ApjE 

inoj fp ^ ;- looj Ta ^ -i- \ooi = — 


«f 


Wf 


pat»( 


fugacities, 

:g4iwM»g" _ ^ ATATafr^iWiM 


fuiacities^ fugacities, 

kvAP BirMMiUJMmmMv 


® I 


cWwies ^nMWgiapiWiTio* ^nMMigWJjefciBves 


m;^ 


Wgy-E 








71^2 
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syBtem. ^atem, ^stem. 























DOS lOtBAl^^^BENEOUS !a«A*^^EN EOUS (ClWAM»MiENEi 
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f 'W 



Bn^vkv mVi 











le systemA^oliiiiic of the system-volume of thf; systviiimoliime of tl 


? known, roactions lire known, renoiioiia uro knoo ii- renelions an 














-m h is gi^iribp + if ^ 5 is gi^dbf h- if =v E is gi wnibp + if 
las h- kjoaa^y/^^ kiOBOw “k krOuwWVt— kiayaK -h k3Cisai#||J=^ kifl,. 













MPfciaa^lpsviiipoMPsisg^lMagaijjoMPiiKxgfiijjitwiipo 


i- = — = K (42) 
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2£ ^ K (42) 
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wherB where where 

m conatfflfc equilibrium constffitw equilibrium coust®fc= equilibriu; 


Gqiiasioiis (mArMrnMmmiMom ( MhM MMmmuaAma (^wMsM^ 


OR 


' I (45) r = bi£U4 — w;| (45) r = b | 04 — ^ | (45) r = b | i 
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q|4|wb h I orcIb 






:|*e= b I mm 








Mifclrtibp«tew»WHlwtthtebbp^K«Hi^^w4lmtelib| 


separate steps, separate steps, separate steps. 












:OUS lOtfiA^^^BJiNlflOUS lOMiA^^^WENE 

ri+aid^^ i^rtiiijBi»«*inMaa3 ^rtl#ip4»wi±fcijrfinB i^iiiAipifw 

ns: tivc reactions; tive reactions: tive rcactio: 

, i=i 2HBr npr^ + H 2 2HBr (ipra + H 2 sol SHBr (ipr, + Ms 

j n± 2Br f 21 Bra no SBr fai Bri ac 2Br fOi Bn 

sr=±2Ii ( 3 )^ Hainan (3) H* sa 2H ( 3 ) H= 

* ssr jnjsr ”ff4i|itif ”f“ csr s=s ri nr ntMitlf M ier as isisr -tf'lttClf “f" tJi 

= HBr M) M + Br 03 HBr M) H + Br ±a HBr H + Bi 

: ^ HBr Mipirs + H ±n HBr Oftpsrt + H to HBr + H 






Piifare cleteiscwsiwgfrBAfcre detais^fwgtTBi&rc detaiscosfwfetn 



riatateittttcfeiMwteyJcflrlahBiWkBriww^i 





M (1) it^jg|iertvB#ratiM (1) iift^taeiivll^tHttii* (1) nwicliSiPlilteti 

7>& ^ k kM^^ichyiicw)^ - k (ri^^^&'Mk)^(rrcmd ^' (^y^^^ickfiycm 


te units tte^baaaigbtfi! iimts tl^apfeotlliigwfii units tlftmipllfflili^rc 

’ (vje^fktYlykry) - ‘ ‘ (v^k^kWWsik) - - ‘ (v,nW^kfYAj}i¥U ' ’ 


bion (1) Ifpaip^ Equation (1) iip*^ Equation (1) |fp^pi Equ» 


ighout yiiMqinite throughout yirttoliutB throuihout yteMamits throi 

(2J2^*^444 ^ ^ ‘ wm444 = ^ = (s»I2^»*#4444 ^ ^ ^ 


pfciii^rtfc^^rifiiBiwiWbw^fcjtet^rtiEiWqfcibwrtteW^riawii 
B^ilttiii^tiatffiwliw^miW^totfaitK’iiMlwH^ltfci^tetAiiWtiPita 
rtuis, afinie exteiit, U'hus, some extents I’nus, some exterit. 
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)ic, = hhr— = hrt 




iitei#iftiriaSliRfc|ifliWiitri#nBri^fftiBife4iiii^^M^i<Hn#fllirife|iiiiU 
lEe fractinity at unit mole frantiiwity at unit mole fraetii^y at Unit n; 

^ _ 4 _ 4 _ 4 _ 4 _ 4 
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un^iateia^mt^:h^ un^iBteia^hitpffiM^ un^iHteiiiaiifitp 
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4 a 4^4 



m 5- .c 


^4 = = 


{J 0 rou+»#M“*-- izJK 

VrI/s - — SjEk ^ ' 













JUS [CJlfiAM^MENEOUS [atBA^^^^ENEO US [OtBAM^mENEC 




16—EE). Equations (46-02), Jtqiiations (46—02) Eqtiatioiis (t 
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all cancel 


El cancel 
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wiOO|,C3 60E^^ ... i pfttliSOOEfa fiOO), j^WtpooEca tiOO)^ t»»i 
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ariables. Variables, Eariiiblfta. 















:ACTlOa^p^PfcVm]REACTIOi^^F^^]REACTlOft^p;FiOTllIlK 
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r + AT^ tOOJ 




. Aaj . c 

-=+FA ’■=+1 


pedlby the reactii^eppediijy the reactii^oMpiectiby the reactir^el 


|i|sttii»sn^iaiffliftM toaMtosnpi^atpM tm 


section. secticHi, section. 

Thiiii, Thui, Tims, 


dxj 


mm 


rt <»> -re (w - 


F,r 
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idijiBcM ^^rnim^i^AmwMcM 

tBii^ftmMHlHiiiilil^^iiittirt^MjQftittttlil^*lt^itM»iiSHMali:ili® 
66). TMnap (47) and (56). Tlwaa (47) and (66). Tttma (47) and ( 


° ~ £m£ 


trid^A 




ir-^jF) 


1. ThuBftsily integrated. ThuBaaily integrated, Thuflaady integratec 


tlAa 1 . Aro 1 _ rlAtt 1 . 

—f 58) T - - In---f58) T - - In ( 58) r - r- In ^ 

0 — Ay' ' A; Tiyo ^ lA ' As Aao = ay ' A^ ry 
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TABLE Lll 


SENEOUSlGaiR^p^KNEO' 
TABLE Lll TAB] 


claDsed ^ = time EapKed ^ == tim e elapaeu ^ = timt 

“■ .... ■ ' ' 


ii#iilfcli#A{pwipiWMBiifEmta 

an_4 - dilA _ -- dnA 

[piation: r tAm nm^ TmiM emMMmiz r p|e5|jg|^te equation: r fjggfeipjpo « 

’cwicil KecicfM™ fj,Aai«rf«HMiI JLmkImmm Umdirectifmal Beacltciftt EBMirccti 


■ *T' wirm ilrcieri A 

^ Tr^..^LfT ; T 


►rP 
1 

= lttqf 


mie fa " " ks~^ Arn^ ff, 

2A Second Order: 2A *0 

/*4AAt AXA^p 

ILnqa Tri^jqqpKarJ 


P’lrst Oriior; A 

“Ate. ,--ln 
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jfirat OrdtPE I 


■»i® 


kAlM 


dgA> 


Seconcl Orcler; HA 
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‘ ^ Second Orijer: 
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h^iir^U 
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A + is -AgPond Order: A_+ P TiaPonA Order: A_+ « ^uq^ond Order 
" LnrfiOftoOTiMl—^AJf?! * LnEOiootnLpA 


;? 140 

^TtrllrtBoOrt 


Order odd 





fi 


A P A d p mV POrder: A T P T O RAPOrder: A + P 


IAe 
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nAtiRn^ 


*TdjTff Order 
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iCTlO^^FfVmiKEACnO^^r^VffllRBACTlO^pTlfffilREi 



ft’ 


caw. 


= 4ac = 




4ac = ft' 


-g = 4ac — 


wiifiiB where 



wh ere __ _ 

bU- %^q^~bq^im 


hder: 

4 + K 


First and BecOiid Order: 

- Ae ®R d d- H 


BeTiAgrtm 

-KJm 

Faihaf^ A"" ^ 

-Aft# 

FtJWf^ A ^ 



A 

^A € ^ 


=-4 c = 


First and Kecond Older; fbmi and fleeciiid € 

re + re A#%re 2B =* 


idffisaf ^ n| 

■ A,1*4 nn #i^i=r-4ilj| 



R 


A 

2 


:K + ^ 


24 


d = 


_W_AWm-AS — ^ = 

dlClWir T .& ^ 02li|li 


K d re« + re 1 

* ■” fjiffce nw 

-=F|K| - »». 


K J ^fi^M 2d i 

4 =yMmAM = sjiiBSii 

2i#cdff 

5 c 

SiMwiici Order: Secoad Order; Staoiid Order: 

4 + AreidsJI- Jf iO K + 0 j_ 4 - lF-w3i!l| « ra Ji + O a 4 . B Ed K + re ^ 

Bress|f_ajipf^4.i4to aa — ~~~ Bsr»ssrerea«n*|A:Wtea5 «i 

a«, *=£-- pjffair ¥ 4 S§flita -4 pJtteA 4 awips 4 Safa# — ^ 


A 


4 1“ dag' 
c =J£ — 1 


a = |4 ^ 4 4 As# 

a = lit. = 1 


= 4 
c 


A-1 


id aa aread aa « + re Id E3 reredd ad re + re 2d ad hrered re « + re 

P = 

b= 

r = 


Aa% A 

4^ - rtHre* = A 

i%^r 

Site - 


SO = # c =, 


oia - |!a^§4|jjte ^ 

-i c=t-i 


asEaMtt^MfflttrtieManffiatoM^toWattoMBmMiinftiWsMttatfeotia] 
ihis volittraristciit with this voltt^Mstent with this volwraMsteiit with 1 
























JUaiCBiKA^^^HENEOUSlcMA^^^BENEOUBl^fiA^^^HENEC 



n reacting gystnm reacting gyuLem reacting gyntei 

Glj AfittMili ig™&paflil« lilM^ 

a (a)j 'rablF.**l*, Equation (a)^ Tablf’iM, Equation ta)^ TablEArtA^ Equatio! 

Orii 1 , nr.0 1 _ ngo 1 

in-— ^ _ In —-^ = n“ in- r = — 

Oao — eg q Jigg — gg Ag ago ==- Ug jq 

1 . ttao 1 _ nra 1 _ Uga 

--In—-30 -In-_ 5 ||J = _-Uj-^ ^ 

10132 ago = eg- 0.00132 ago — eg"' 0,00133 age-eg““ 03 

1612 1 = EfE ^ 00612 1 = ^ = 00612 1 _ 5^ = 03 

tlgie 11-j.p ■|t_4e 


pfjr cent l>sr cent__ per ceiit_^ 

ten Aifriftcoif|^qi|ii9CFpBF4l#iecoi*|qifa^iMF^^ 

^ = 0.(M1132t , In ^ 0.(MI132 t . In - 0 ml31r . la 

P ___ ^ “OOag* ___ ^ _ _ O^^gi 

^esj r = if'ilJ mim Heiice. r =s i ##J niim Hence, r = i #40 hhh. Hen 



)(c) ■ ■ -HWO ■ -H" 




























ACTlOi^^Ffc^lKEAuTlOS^^F^VtnjKEACTlOS^^Fl^jMJi: 

« 

ing to ihfj^m^ mag according to the,^l^^g according to accord 
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mm 


^ ommmwiimm ±o cafflCSMM»ewifciKi3 



jgtei^Plseia 

a 


efiWtoA 


J liter of a^t^h aaie iifcleQ liter of s^t»ih iiaje aiLioQ liter of sgteltobiile'Alfil 
Bl|drpiffdeiilJ^)f#l»teteteiilsteip«dani^B#»lMolwaAaig»scfeiiti:^i#a@ljmiUaii 
altei|i«cfeat3^ij#tepM8|aalliaip#dgatf^|iii®l«3tol»llMl^teat£|^_Mite^i0i» 

lit (bj arid (|a| ilil|t|rifttlalii (h) and (p| fhfiajiltttliBUs Ch) and (p) ffilA|ilfttispl 


D1482 _ „ A 0-iMM)1482 _ A 0.1)001482 

10677 ^ 0,000677 ” ^ E “ l)iM)0677 



0,fMjf 

0.0f 


Ett:r/(piJiolA(Baia.|HM}I482 Hter/(g=molA(*s#j)Ci014X2 liter/(pm{fIA(HdteJMjC)1482 
ole per liteoi^s = 1.151 g-mole pr liteisjjj = 1,151 g-iiiole ijer iiteijgjg = l.lnl gnii 
ole p:r littriaas = 48-76 g-mcjli: liCr litemsH = 48-76 g-mole per liteifeBij = 48,76 g-m 
-JIRq II MaC! = U tlBrt = O 

Rio = y R.Sr IJ R*a = *-* 

fter eoEvertaii goiiolefi ester convertoi, = gonoies nsfcr convcrtcEli = g-moics ei 
fa = 1-0 liter F,; = 1.0 liter A = 1-0 liter 

iiiljRar is.p»«iii«iiifi»ps ii,»ii»wi»!Si4ft4iiAm ia,»atW««ii 

r ' pe.T liter " per liter ^ pe-T litei 

-0.7811 c = - 1 = -0.7811 c = Ae - 1 - -0-781 i r ^ #C, - I = 

tees per Wenc = 12 57 g-moles per tWeng = 12.57 ^^xmlns per IJfcag = 12.57 gar 
iiation (lAidiaMsntmg in Equation OfluliattiSuting in Equation (Kpigaletiiting in Eq 
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iX 



OTMIaifa 


£ 

1] 


a.ii 
- 12.57) 


‘ 12A7) 


)]1 C 


12.4B,| 
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10-93 + 12.57) 
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kcnaodT dxA hMsodr tfex keTtBod- diA 
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a InttjMration yields 

k^MAT 
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y = Ttso — nx 

Integration yields 

k^Baf ^ 71 jn 
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Vs kAo = XA 

JntegynfcioBi yield 

kAtBOA , 77-40 


0t40 — 44 




^-4 


F. 


In 


^4^0 - 


iaTOiiift 


(i: 

)5 gnuoles 
1405^ 

* 



1.151 ' „ . 1,151 ' . 

)= (48.7e|iif n|^|yg - ^y )^ C4S,7fltii %|mM8gtty )^ M 




44 = d. 40 o gnnflileH 

:0,4«5" 

[51, 


Tee 


0.41 


TO»finper|!^^fi:t4#£*^!ayeMcliip«4^ii^^t4tAMln»e»dnper 


ittttr lis Wijwatrtl ifc 

iieUilKip^^MpfenSrtnbliiintew^WiitemHdohMfaii^m^WHWoifl 


B errors iifrlHwtptiSsiblft eiTOrs ofytHffpbssible errors ijtvMm^bsmtjh 


y wiiBtpaMililmw^^y l^mipawitdftaM:^^ 

=k It C1 i n —7 rt (1) Vi —-7 re {i j n * 

(2) b^S (2) A^b (2) 


b 


A 


t 




Mntlfc^^^eil^3^rMiK«W^^^iWBJ^randfctorti*pettitc|#r< 


A^^b,i(iijy— a, =d9^^ksiWW= Va ^2^ #rb,,(I^ = ya 

=A^~\ A^L= Ti A _ih%H3.l^^ 4r ^ ^4^z- _-.f HjllJ 


t# a 


#4 a = 


























REAOi^^c^mp BMAar^^xmmp 


volume, volume, voliune. 

In In ,n 

^Mo ^ A ^2/ /Mo ^/\Avl M 00:2/ ^Mo — ^/V vl “t“ 

ormcd iitop^fij^ftots formed attj||p|ftilucts foroied obf^WT^ImM f 


III' 


igt iiitegMlp||ilW«i#cMiit inf 


then to pnclutit M and then to pfoduct E and Oien to Product if and 

-oR (64) a^R^E (64) (64) d^if 


A *o 


titouililMii^ittlifiAteftiJKpitawiattipieMUltitoiHfpMi^wlA^l^ 




Equation (64), Equation (64), Equation (64), 


(0S> 2^ = 

ar 


(6n4 -)/ = hfiUn 

dr 


(6# ^ dnE 

aT 


H = M ^ Esue = EjfW -/ = EmM — Edtief ^ = Eaft 

OT ar COT 


_-^=, UUa 

(67) = AshUr 


dr 


wim 

toil —r- = OcaUR 


dr 


(67) ^ - a,*n; 


dr 


charge charge charge 













lamA^^^ENEOUSraffiA^^^ENEOUSrfflflA^^MENKOUS 



lance, the material balance, the material balance, the material ba 
mt nhWi hao — aa = ndT^ = nao = na ““ aMWi nao — 

hen tion (64) is written tion (64) ig written tinn (64) is wril 

fees fe^ fern fe^ feel 

mtri (72) 4i=±|2i=±ri (72) ri wc Jc int 5 (72) 4 i=± ri 

ratioiiniitit froiii Equation Ttth, froiri BquatronTi^, fnoiii Eqi 






















REACTA^ffleTOflMfci REACTS^^«mHE REACnl^^«yDJ|E 


(74), (74), (74), 



!;)"-» -(|t:)-w ^(11 

fte-“fiJ-=€lft44H- C,e 

1^2 11 .^ 114 ^ 2^^2 11 ^: 111^2 112 


aflg , fins , tf»a 

dr 

A.i - BsCs 


0j = 


D, 


cWel 


lie 


# 


1 - 

lit 


O where, 

- 


n f= § where, 
dr 


11 wticre 


4,1 - DaCt 


iiclii-crgiis 


1 - 


i?2 




7)i 

I>1 


C?1 


dr 

= U^2 


Di 


r:i-= £- 




Bi 


1 


£z 

i?i 




11^ If, 


i 


■4 


4^ _ -Ri + %/i?f - 4^ _ -Rj + VA4 - 4^ ^ -ifi + “ 

""" ^ .”"*2 ^ “ 2 ” 2 


m 


-El - vm 




El - V E| ^ 


m= 


-El ~ EM 













































lUSrCMA^^TOENEOUStClifiA^^WSENEOUSlfBfiA^^MSENEi 


:pinjli^«^Mi%igtUrpttrrt«|’iwttat^MMrii-pKisr^«t£i!^hiurii 


mMcfm ^rttn^jf^rtaptMoiB eailMjr^i^Ae 


iaairrM^Aa^^Wfto, ^MViMmAm^^^A AiiaMiriMittoifnMiiAfc <to 
f:4llliHrfj*4^f^rt*apefeAlteilttWfj^^ttwet;.rifltaifiSi^^^fcV<ii 


iittaih ajfu^^^BmMitttfis iirfu^^^ttftrUiltttrtl agc^^^tnlrt 

iiapEMfci««ilivBiia«Wamfc4«BaifciiiiipifOTfci^fcii%i 


<)l flow, ot fiowo of flow. 



ThUiij the section, riniH, the sectinn, TuUk, the seciion, 

^ F tici (80) - F Eca (80) ^ F tfou (80) ,F1E 


where where wiierT; 

system per unit titng system per umt tiiiig systerii per uiiit timg j 

tpEp^^rr^y^ tptpwii 


Chpft5ett^lWeFnifl^peec»i^S‘nfteim±w^HiP#i^gififtepTiiiiafeii 

^ ^-^ = _ d 













CTl0NS^^®,WinpACTlON#ftMWIHpAOTION^%Mi»flBPA 



wiiere, where, where. 


lMBatfjeaaft%£tlHtrt^WBaMA«iateipAiHtBtawDaialmBtoipil|rtfihrt 
ifcEihit^®?iai^*piiiliHijiB»MtKtte;^:^-^irtilHiifaAMtreheMiw«rtttm 
A tion AFr FonAFr tionAI 

tetif rcac^Eitteni ^^mwwAmAf mmgysmiA ^nMcifcAf reachpitfeirt fmiMMA 

= Si) = j = jtl(li«W»|j)+ F) 

where where where 

ff^WiAetecular W6%hAefj^cieeftcular vteigMrefatetfWiftciilar lAhighFo 


Equation (5) Fon of Equation (5) Fon of Equation (5) tion of 
ffiq^teiriOT)^fca«bf™ arq^mEeMs 

I rH2u MmMi\nri.(ms (am MmrimanmAm) (am 











JUSiOifiAW^MENEOUSiaifiA^WMENEOUSiCBfiA^^MSENBC 





LE Lllf TABLE LIII TABLE LIIl TAB; 


tfmctwm Flow Heactiims Flam Mmetifms Flow 

f = TM a as aA A PA = TK A AS ilA A OA sis' rit A AS gA A ba 

i||:!4=|»ii>itaitofijteiiiAiiM%|pAj»iA|iaiiAti»SMififD^ 

^ mamiMdWXeon per mamiAtdmStXcod per ur^ memraMmpXeed per uii 

mAmeAzkMamwmmAFdAmpimedeAFFmmF^o^^mmAm-bAgbMm-mSmMmmM 

ipiLt-fliAi mt*‘, mass pie ipliWAMl rates irjass pmr ipuAtfiiivi rsts, mass psr ^ 

entariuii fetal eatariEe feetl eatsriBg fetA 

i|jpmAft||sPi#aiiE4cfcAArica|,|»iHftllASMaajiw*t£s|jF«rito 

AA iljg ^ ^ ilAA “ ^ I 

stomi^pmm ptiiMiaiifi mmetmmmm piiiiitiwiB AcHBiAsfiwiBF paHiiieittii 
rA*=0““ft _ rA«-"a='& rA«=a~^t» 

A as ■ A == A = —■—“=— ““ 

o a a 


i __ A __ a 

aj = —“ - 

IT# fPp 

iiMAPl roe tlciE wrloeity cAayAaAetEtinti velocity cmnfimiiAgaetiQn velocity eoi 
K = eomlibriuin rcinstaa^^ = cvjuilibnuin eoiistAn^' = cAvilibriuia tmristio 
, = total preasufe t =v Atal procure * = total prcsssiire 


pmtion: 


E 


HOi 

rfV% 


CJanBral rata «pJ*BOu: 



Gerwfal rata equation; 



CieiAfml rate ac 

r s= = 


A? Fioaciumm AotAivov /rrmve^pA hFoAomm ifYwsprwii 

=* oE; whm rmAl A eR: Pf^ Om^t A ^ e«; ffaft Orte*; A 







CTlONi^flim^IHpACTION^tt,^^lHpACTION^^iM.WIHISA 




A ~ ^ 


2A =*Etf; 


o = ij^y aA -^rKl 


P = iSA “ 


A - (1 


"-—(A 

A = (1 ^Jpjnpo)* 


its == =33=55ii =f' aiilAQ} 

A ^ 0 


I%A - ='==^P5A “1“ ^lA^o} 

N = 0 


"=“*'-*Cf)’ 

J ^ (I 

ill = —3i«f 1 + ftjjipsij 

A = 0 


S^pft 24+ «=*»« Mswlr 24+A^rff 


24 +. 


A ^ 

... 

H 

'III 

If = 

^ /ttjittftwA 

5 A«p-«H-ir*\ 

, A«.pn-Bar*A 

4 - O = -1 * - 1 

A = A = *l -^1 

J = Or = * 1 —--P— 1 

AAA 

AAA 

A »i A 

1# _ (M + wriAttP 

1# -- (fld A ™-peF 

" j|, ___ (fli + M-H-Psi'* 

nAM — «Jio 

fijia = a*53 

»iB ”= W-BS 

ij. __ (1 + afiMnp 

W -5 W + ««»d* 

iir _ tA + «r«jrc.}’ 

= fi-Bo 

== 


fiMt- = »B5J 


leiml SolntiMltl Order: Oeneml SolutAMpi Order: Oenerml SAiitiMrcl Order: Oer 


J3 3ZA__^ -:| :,|yr|g O|f ,,, .. 

4, -idiMtlJi#' — lAiriJ. «l-e® *=*A»er — xMm*s — sfarj-es ^Atacff-pr “ **»ijfs = «! 



;(H4# =Al|t J= ao JMIOmp -A»i J" 


— +P- 

A* * 


u mJt-^pR 



A c-r»-A«AW 



a 


A A p= ^^2 


tfA 


Bit ftii<4<j4,|B^)/ bM 


^ — 1 
flrtA=j 


A^ =a« 


CtoZ=Aa +B 

2 


lA; 


i 

a 




Cte »£ —A d- if =p =«• CM* A aa 

2 ■ ■' ■ 2 

^ i 

+ 2wnH^*=^ _ 


2(4 i 

IM 


3 ^); 

















































atJa^^^^»ENEOUa'-RBA^^^^ENEOu3C»J^^^^ENEOTl 


nco, -- ■=: -=.E^=^ = Tkjfc Usw^a^MMi*Bo = ftco, 


ib^*L 




ta^-ZJ^i 


a 4- 


4*15 

.1 (uaq^-=^-J 


§ss.MQ 


)(nAo = 


a»BsJn 


— 


l^Ao =nBj)^B^=ZJ^) 

(h) (1 + 




(njo —ns^^E 
in j (1 + ftgte#’ 


-J 




J'^c’o) CA4f= ■^tlSyjCE^O =- 




JtEoJ 



(1 + 


^%1b) 

fflAi =ttft 

ii 

E. 

f IMl (1 + m 

rcg 

««) 1 

No.«i!?‘" 

PP 

- 

(CaFE 

IflHo) llFta 

IH 

Fc^ 


le Ueactimu 


iievmsible KeaeM&ns 


Mmersihle tieoaiimm 


MmeatMii 


mit (m wm Omsrz M C-Eli* Order: ^ A 

F Fr rJ&iy yy.ft^FFr rJ«# ^^nddOFr 

"tiF.-. 

Mfl — nsa 


i»?#S 


1 + JC 


where 


F»48 — «Bb ^ d|i.4a = Ti-ect 

wherB ’ I _|_ J- where 


Fi 


1 +i£ 


mncl f < y = |jt 4ac, and f < y = |,» = Fk:. wmI § w |l = §» -- dac 
Generral Case. Geiieral Case, ijeneral Cae 



^ For f < U ^ For f < 11 _ For f <_IJ 

Si&ttM) E E 

^ c '2c* ^ c 2c* ' "" c 2c* ^ 


*^K —^ __Ca»E J.rfK + F _CawE F no K = F _ Cbss E A 

FnsgTiHa — FFollcc. a = "roK-eobc- “ FFiFoe* g = aFftcFsa = rrwjoje o, = 

. 


= =- 

t(>s» 



+ K Cw 2, d + « 

ftsiiHe + jrsftcooso a == ncnsfl 


L iE^K ^ 


c ^ 

^Cw E A 



«. „ Cpa* 2, A 

XE^^^C=-=^:=E O = 


gT~A< 


,Ug» 3, 2 

















































UTlONs8||^^^:ACTIONS^^(,^mpACTlONS8g4»mmPA 



wg as iollt^f ;t^ rnTnilnr 

All 

LII 

EcpAf iiin^ All 

E fput tkgjaffp) of LJ.1 


cases as folloM;the ATnilar 

4EtumHK|»#^f m 
St LII 

Ei||ilt^Ei^|fl3it All 
EtpAtiEjfilHp) of LII 


as lollo^i;|jie gimilaT cai 



if All 
LII 

FlfftAti yiK y»f#f All 
EtpAtiSDlIlp) of LII 





Equation (84), Equation (84). Equation (84), 

Ari 

MKlwadnfaitiifcte^^rai" iir&MrirfciwUKfcr^^- qfalitttnio%a«fc4tep»' i 












gCBiiAi^^^lENEOU®MA^^^KiENEOUayiaA^^W»ENEOU 



rAat^mQ fiialii. tecfffAiiregRiriiJ ptajH. iit#Cg pte|iilfci|| 

5) ^ 18,»eii^ao0)(0,5) lEfflp «U 07400) (OE) = 13,W eti 07400) (0. 



fuIlowingjiMaBi tiiag to tlie toItowiliggiaae MMI g to tlto folIowiiiggMttrtisg to the 
iCg) +Ia(i) SHIfg) tonEiJ +IsCk) 2Ml(g) toH4g) + Isfe) iHlCg) toM 

lliiboiim egjtoiiiiHiuiil^ §gi«i4iijiOHiti#lia*rl^ eammmkmMm%i 




ntXKJSSffOa ^1,0 = Q (gxigg^jo = Ito ^ _ 0-(K)05K»^o = lO g ^ 

00167 no = 1 — n^ ^ 0.0167 ^ 1 = = 0.0167 n^ ^ 1 =- 


0,0333 IteioliTlM^^im 0,0333 Itoiolfflir0.0333 pcyoiii 


4(1 


^ri iiTTi : 



^7 















FEIXiClT Y g^wipMmitrP 


4 ^^»«WH4 

per lD=mole fier iD^Ole Per loeiiPie 

b* ^™mm*so - 0; Y = 0; b> =p|fliM^fl„ = 0; 

b ^=f = 0=1294 V^g = 04294 V-g i= 04294 


alM.l^^™ 40 fBt»«Ap&ALi^b|plipioSciarti^ 

r r ^ r ■ re r / 







fl,0aS4 + ai294\l / -0.0884 +04 294\1 / ^0.0384 + 04294 ^ / — 
0.0834 rpiiii/J \^nmQ4 ^ 0,fiii/J \-0.0384 - 04294/J \- 


^Miiftb+iSiici psffoiaipliwf iirtriiiio cas^lwiftMi^f l+niiiso (ssrciiil 
ffisn ttPlIi ft iipiiF^filpaw iPiil ftfl|ilciT.if|fps9 iiWI ft lip|(r%iii 


,Si» CM ft 1+ = 30,500 eii it Fr = 36,500 cu ft 14 ^ 36, 










































iCfifiA^^MiENEOUgClBA^^^jKNEOUgCfilSAi^WWENEOUS 


afciM^ili^^^^B^rtritakm4into^^ffi^^w4r4*Miil|ii^^^®Rrtfflirii 
rffttid=c^#ppK:^trt ta^tod'^Mppi-^fci: h 

iffiary tfaaidMdnHmiiwiwMary tcMairtE4i«j»ft«cttHsary ttHaMln«diHiMiiM« 

r) 17 (86) 8, ^ (a) 17 (g6) s, = (a^ X7 (86) B, = {‘ 





, In ttaMrtatmWiimcs. In tl«Ml»a?tsIiimes. In tteMiteWiiiiies 

4r (87) & = I" (87) - a (87) .8. - 

r # r r r r 

where w'here where 

left i:miktm3Mdiim’mBlM& cmtikmMddMmM^M rneikiiFMAi^mmM 


rmmaj^^^ow coMmsm^^m^m 













fcWBiwnMniiiitmJtl^^Blcia^HtMiaftlthtt^iiiwM^Rtrfihftitri 






iii>a^rttiliWiiiLriinttiM^H:‘(^*itiAilfc:KnftiMtasj=^taotifcttttrtt»MnMl 

t^Aiiil^®liiMpfa!^rt^rtiiHH«ii«|ilfiBt^*faAiilrIirtilifcMpB®i*Ki 







[lam lor tAtoaddr^^ mmain for tAJoaddr^killiiiiain for liJpridOT^Iomij 

























iCafiA®^TOiENEOTjgcafiA^^ffiKJKNEOU^CMiA^^^iENEOUf 


m 






K^aBra (88) Br = VK. 2 Hr 2 (88) Br 
where where 




(SS) Br 
where 




or 2rRj where or Mri, where or 2rij where 

isMm teoriAfciiiiifiliiil oirlii bhiBiafctMmc^l cBiit faptraAtkiiiflttl o 
fsBrsihjeroiiitiaiii^ o^lBtAfeiwiijtoiMe’(iJ Qi,Mfii^&66AMrmi0l o 

Bdi|ia £i#k»tttp^pliiidit# m^m^mWhmmW$ 

- A)hH»|Wr)(Ht) ^ IhhIlWiWrJCHh ^ h)*tP^|lPr)(Hs) ■ 

- trfp^PlIjCBr,) ^ Brtp^iJpiJCBrh ^ Arrtiipi|lIi)(Brh 


il (^ii^*pyiitwpM| 

iiatioii i^hci with Equation I^Rhd with hquation iMM with Eq^ 

i) - a«BW air;(H .e- kumfiSmkm - utJBwKkM; 


yielde Solving for it yields Solving for it yields Solving ior it 

+y . hft#iMp8.) ± e w.hH3») 

ft >a(Bi-sJ " ' ' /aCHBrfH- a(Bri) WCHBr 

»2) in (WlWittmg (92) in (^[^Mting (92) in (iill^tlting (! 


y,iBrj|i€y 




n = fr^O/f„Br,piS r, = kWK,,BT2#^ r, = 2,.^ 





































kCTiON»i^^^,^ACTlONi4|^^^,.ACn^IONi4|^^g^^ 




H + CtHs CtHo^H+CsHft CaHs^H + CaH* Calls 
2CjHa Calls A± 2CH3 Call* ^ SCIia CalC : 

CII4 A^OTrf CII3 CHa 4<iai{rC CHa ^ CHa CAEHirf OHa ^ * 

Calls + mH* + H ^ Calls + ®Jls + H A± CaHs + BaHs + H l 
DaHa+H CaHsAaCalC + H CaHs^CalTa + H CaHs 5=1^ 
CslL + * + Calls 4^ C3H4 + » + CaHs ^ CaHs + * + CaHs ^ i 

CH* H + CH3 «CHs H + CIIs^CHs M + CHs^- 

LJaUg A'Mfr -t- iia-tli- t_:jxla lAJCj =t= Calls a=! Call_s CiC "C CalAs C^ ' 
i—‘4Hio aAlaAC C^ Cillip isl-^a-tlfi A-‘4Xlio iSl^aHs ¥3 ' 






other reactants. 


other reactants. 


other reactants 




mmm 



















rgCaeA*^^MiENEOTjgCMflA^^WJENEOUSCBfiA^^®SBNEOt; 


dtjHit^f*^tl«»^pWM©Hil:^ff^tfaA^:^i^ri«Eilyiij<iijtefc^^fctl 

;pfcij#«®^ftAitt#ti^pfcfrt*fei®iiiA»ii:fe^cfitt»tt^iililt#i% 


ilItffl^ipBft|riift»Mitil«ig|ifflpBftirtjl!B>Mffl|itlIliii8ip^ 




rti«liliB^Wiwiiif#^VfcrtlliiaM|ii^e«ptert|iiirt®iWiM3i«e 



it|feft|®i^WiiteBijBitafl™few^i|iilfr*i»iiai™feittft^ 

trations. trations. trations. 





mmmvmitmmvmmmmmmLmmvmmmmmitmmvmi 

lerai oljliftfcjtolmsbenaral general otjlifffBrtlwf tei 

<mmm 

int tciBlpfflilillv ennstanf teini^PiUJfg.consiant tcinipfiitiHv const; 










EACTIO^^13|fia]HEACTIO^},IM»]REACTI08^MI»«iIlR 


iWtolft (^tefrttifclfif «a«t#fife oIjilBfritititti Wttefife ofiilfitfiftifeilf 






#jilipM|t^igiiiiiiiili^ltiggiPiitt^^ 


US, complex sjxternH, complex sysiems, complex oyKici 



pidahiditigiplfepf tHft;tiipicEdJAtg^ihc#i«mtirfciabiAtf^ 
0i^fiB«|iw]i#filftttai*iAi^i«*flMl«tttiiBaiittm^»i*|iwl«atttfflilWi 


Qoailinj4lffli»cifi«BtaiifHtJcailiiif®iBafi«B^rticttnco41fnrfttRjaft*€s^rtiitB 

fAiitflC#liiBtebffM»ert §iM 


#rtWag4%toW^Hlt±ipf^paBrtPWafcidMp:#rfpaa*fcliMftM(ifa( 





jgcMA^^BEENEOua^^^^^KENlOUacmflA^WWENEOl 




IOiEwjE^ tjyrtfibtisy Ij talaftoifiauE^ ljyrl^«y t>Mtip iifistataia* by rt#bt«y ti*i»ti 


J #===- liisiiil tJaiii# + + UltiliO i-i Uiallis + Uizllii 






iiiiiprtV||i0Ki»t»lil«HMgpp|^l£€i»t»ili»»|pipc|^Mi»t»I 

iiiwiAiittl^fe:ttfirtiipi»iWf^ii|:ttf#iipkiiiiift^MI:fW^ 

, EijHn, y Lriphenyij Uiiili4- T = triphenylj CisHn= T = topheayL 

™ 




liters per iiour^ 


(454 mS) 


iol^t?ef be^ Ob 248 EHlteme!lli 1 > e r tap o. 
(454 HTS) ^ (454)178) 


and 

m naasFE tasn) 


and 

_ynfia4«y 1(350) 


and 

_ m nnaKd i£350 





F BENZJ^^^gipF BBNin^^»J|TpF BENZI^WLOTHtP 

E A TABLE A TABLE A TABL 

Av^g^mrFw^^mxmm 

|t^®f 

iSimMMmlmMpoKiMiM J 


fVrer cent Dt^er centW Cm^Hl^er cent IM^er Ceni^W c«r#«Ber Cent lA'er CmiV cenf 


m 

14B 

At llfliT 

®.o 

%M6 

14.6 

At 1266Bf 
ffl-0 

%M6 

14.6 

At 1265T 
®-0 


m 

12-4 

70.S 

i%123 

22-4 

70,8 

l‘-i23 

22.4 

70-8 

lA 

m 

li.i 

®-i 

11.182 

26-2 

62.5 

11.182 

26-2 

62.5 

IBI 

m 

27-S 

56.S 

imiiil 

27.8 

56-8 

1%A12 

27.8 

56.8 

liiA 

41 

2i.2 

50.3 

2%A41 

20.2 

50-8 

4%a4i 

M.2 

50.3 

atiiii 

11 

M.4 

45-6 

2%ll21 

20.4 

4i.6 

AtiClal 

M.4 

48,6 

mm 

[K 

2B.4 

47.4 

mtoi 

M.4 

47-4 

miiMi 

M.4 

47.4 

ml 

1® 

MA 

44.7 

imMm 

»-4 

44.7 

1»»212 

M.4 

44.7 

2mm 

141 

M.4 

44.7 

'm 
.. 

M.4 

44.7 

..1 

m, 

M.4 

44.7 

IM 


la a 

AtliOiT 
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Pmottsiaif nhm^mrn mmmmmA^of phmgimm ^fB»Btii»si-of phmmiim Ifcffti 


ofeylb m«Wi<ip#^OTn tmrnmmm 

: ^291 ■ tisgi ^ -7291 Aagi ^ *7291 AobJ 


mmiw 4 ommwmmmim 4 bmmwmmmim 4 oiwwirmi 

#7291 #/291 #7291 


h o.w«!2i® ^ 5^^ + ommT^m ^ smm + o.w^i9-cib &| s^mi 

#7291 ■ ■ E291 #7291 


catioa, this tEp^tamplihcstion, tEs tglpWAmpIiheation, this lwHi«titjiiplifi 
i. TDE ^ 07H}3y y hl45 = 6.702 - 0( K )3^yhl45 - O .TOr - O.TO35§pi45^ € 
5 ^ 8 ol€MiP^i 7 ME 3 atolffiinAiiw* ntOAiiiiti AftMt 














oaiim»i^»^WfititeMiii#™iiMauAft^bygptoMai#vidi^ni^*ita||B|ilftMai# 


A TABLE A TABLE A TABLE 

ATI/hr) fe(l/hr)r 2 ATI/hr) 4 (l/hr)r* ATI/hr) |E(l/hr)i 

»6 37 -a» 2.p7(l0fl«6 37.a» 2.p7C10g«fi 2.p7(lO§l 

a7 ijff io4|h(iog»7 Lsa icAf9(ios»7 i.aa ippaoRi 
ms 3.41ici0“ln9i3{10i»8 3.«liC10=lB9i3(10g»8 3_«i(10“lB9i3(l(W 

»9 5_««(10--%ia3(107W9 5.4i»(10“«li3(107m9 3.«»ClO-Wil3tltl7fl 

mo 4,mm^mBmammo i^mmrmmoammo 4^ma^mmsaom 

a lBft7(l«“a|iA §52 Lfi67(10^sti.5 «2 lBe7(10“«|lA 65 


is pYCil^ilid-liiofe of feed is giveni^iacLlilole of feed is givenjaamrinmoiB of feed 

g) EE 2 te>^ - (1 + O^Tfiiai EE 2 iep = (1 + 0 = 73 *^) EE W©P = d + 0 = 7 i* 

^ 14 # ^ I O i =3 


„ - — A” Ctti - „ F dxM ^ ^ „ A’dlJ 

7) aiifi (plAprEt pialjpg a (47) auMl (WApf JApajlpas (4¥j and (BfiiirEqimtipES fe 








riamrfl^si^ArtAai-Mirth«iPl^s 3 rti*ftei»ttaMBftisfJ^a*Mij»r 3 aiiHi»a 
pifetttej|»ffi§ef««ii?idrfdl ptottxLwHfte-tWafeAlifds piiABrti»iHi*i^#iHidrt4* 


ff) ititol^«i^*iitotettl|f) i£i1«ap#rtitfc*ijiitaith 

i.TAvx A 19 32 _ Al A OTSnx A 19.32 _ /l + 0 75^4 A 19,32 ^ /I + I 

^T^mr KrT^mr 


irp piotwdimhh^tiofl. (g) are plotMmb^tlmfg) are plotMfcii^iT»_(g) s 















iOU^aaAM^MlENEOU^S^^^pffiENEOU^l^i^^pKiENJi 



Bgimtioii of (watBiTation of mmMjm* Wfategration of (liHt 


























8 ^ap. ^®PSITY R^ap. SYmpSlTY HmAT. ji^BpSO 


Wrtstynrtaao^^jWah W^^laterlan^frtAiih teii«BiHi 

h«Mi«iipiiMicwKltofi«|itihiM^«a|taiiiyi«w«|wiiite^s^^id^i««j 
i4»iiifc-^«ii»iia«Apnirtwiiili-^ftiiiwtteApriiiie®iiili^Bift«M4»p^ 
tamperature drop. fj^mpciatiLtre drop. teipperature dropr 



e inch) (ft) (square inch) (ft) (square inch) (ft) (squar 


diaiiieter, Alieii|B.teiiial cliameter.Ylieh«temal chsaneterjJtieliiBteriial 
Mm flow, pam^^m^rn flow, poai^ppjpaqifi flow, powrrtiwpYii 
r, micropoipcw viscosity, micropoipjw viscosity, micropoiaew viscosit] 
pounds pea cufciAit pounds pea eufcittjfc pounds pea eufciMjt, 













where 


where 


where 


acosity e ^ viscosity ^ = viscosity y = vh 

teehn the direcffibfcf&tt^n the dhecWbfccAjItepln the direcffOiVcfc: 
iWJlrftiMfacc iiyyeiftlaviwmftiMface iMektiyeffittftl^ace iiLyclatiy 
docity of flow w veloclty of how V = velocity of how w vt 

ilocity gr^iyhir) — velocity grhhithila:} = velocity grf^ightr) = vf 







bceleratioBiiiit Ittiiwahoeleratioiylhr iiy^tyjeeleratioBpljig 













mTTY 


jKfflpSITY 87j^„. jPiipSITY SJLr. jWffiP 







































































































































































































































































































































































where where where 

^rtieah^iBfcfcy at the c^iealr^ijitty at the f^ieai^riitty at the 


i® 


£ii«iAr«^«iiii«t»|f#ftiiafar«^rtlliptillaia«rtfar«^MiiiB*afc. 
yjtetlJijmrilHathi ptiiMfcJjliiiiliiiHaiid ptiM:teiAhiiiaftiiiBd ptil 





iaiili»Miief iswfiiK pj miift!i«iefisiiiite i® »iir«ieviswita » 
== molecular weigliWf = molecular weighflf molecular wcigltllf 




i per gi^lirpmhmeters per giftflpWMilfS meters per g^ilwhMitemeter: 
itor the expansion tactor the expansion lactor the expansion lai 


ftiftl IKWWiit# 

Licht aiic|jMti^MtBy Eicht an(|j^^^hp Eicht 


oEp|hio 2 p ^ _ 7 ^ 7 oh^ihl 02 ) 


7 E 




















srrv BP^iTY 8 gi., 8 ^.. , Mflff 


B LV 


iHCxiai'iiiia 


TABLE LV 
CariicAL ViaoziariTO-S 


TABLE LV 
CBTnCAi ViscAftiTma 


tabl; 

OBITICAIj If 


Topmsea 


mterapcnses 


TmErvpmsm 


wmc 


Fhaae 


JVidSc 





mmm 


mass 


i«ts AaMd ■ 
ffitoli'A 


AtP 

.c«tolP=:rr....W^ 

mspim 

mo-ps 

#TP- 

BepMiiiHfcJtll ti m Bet 



oetieeiMci' ^ 

roetolfrA 


AiJ-buW 

.If Ape: 
.B«i: 
piAp' 



.. mmtp0mUtmmmMa .. rnmsMpmmmmMs .. BethjV^Irtiiiliaaidti 

S . MetPVI'«aWiPii3iilfide , Methjf «iSilliilBisiilfide . BethjTfpilrtlPiisijliB 

Tj lie tii30%tafi<iiPiAa€i3odH BfthjMiiiiWiiilw B#th5*etiiiliiii^ 


nmM^mmrnm 

MWli 40i®Mc]triJilia-j. 
If Itric li^clf jMsaiie. . 
^ ij reitWiVetijiBWiiiie 

iLPlceitfwjithyE^fljtate 
ltClctii»*thy l»oliol. 
fibIgoB5®tLyl^H«iiclB 
%Peii««iJiyl~er.,. 
^QSpM^thyOTfciaAtc 


. .. Mwa BtoTMAiftiH- ^_ Mecm isteitoraiiiaji*.... 
... Idpc Ifi^ctoWtiiiie..... iVpc lS^clc«iiiiiA.. 
,,. IBpJKfailyiAiig WinT lBe ... MBpegenlfaiMLi Tifariiii B . 
... liwi*3*iJiii,aiA, „ _.. MitroiMWiiipli 

.,, iBVePaME^iiiiyll^ftohoL ... flLtetaMi^ftliyllHtohoL . 

,, ftjyCieflyiiCthjflMlorldc ,. lAyiieflVikithyliMtoEicie 
... itPentl^tliy^aier...... »Peiitl^tliyia«ier. *.. 

.. ^QSpffi^tJiyE^BiHate .. @4tjspHi®tlj.ylMfaHate 


^iipaiMJ^thySi^jpionate tt#jpanB!^thyfa^i|iiDiiate #PpaM^iJiyi^^piiJliat 

^pyiaMWMi........ pupyMKftolWi,’....... ^pyEiKfc^Wi.,.. 

^rcy/llftWBiterB5.. A ,.,., .^ppyl20:®Bltaii!-5, T ._A *.. 

%0pyteia=Heiilitie.,«.... ft’0p:/Mli--Heiliie........ %PpyRlft-HftifliAB.. «. - 

,,. t^fyrpUfBfifej BWf .......... ^ilfurMfP^ejMB........ 

I^luei|M)§IydrO#tl V.,. . . . I^luei|Migly<irppil L ,. .. . t§jlueiiMjCydTO»i V. -. . 

:da^ater49ilydp^* cUoride^aiarpQglydr^^ chlorid^ateryp jlydp^»i cMori 
de]^ooii49pilyi3p®#4 fyftmdc^enon49pydi^fli cyaBde^Don49iIydpW#i pyani 


wmoM i^TOlftwa^itetiraM 

74 - TOfiHT atm B = KOBTi.6 atm A = WttfillT atm 

U, p =«Stti^jer^a)=U, p =^M^jer*taVC, p -M8»»jer AtanP 

SnhitPtTLr Sahdinnr BcdtPiLPir 


































guftfti^^WMlENEOU^a^^^^^ENEOUSJBiiAC^^WlENEOU 


( 102 ), 

(41E)t 


) 3 E) 


From FquaHoii (i 03 ), Krnm Eauation (lUa),^ 
(92)*(4F6)* _ _1_ (92)*(4E6)f 

iWP= IFU-7FU 


From Equation 

WP- EToiii^ 


(S93E) * " (593-8) * 

TO lb per s^iiCOO'F and 400 lb per SftiiBOO'F and 400 lb per sqi|irOCM|"F and 4 




Mr 


u.e-l. From Fip. IIP, in = UmO-Froui Fig. if 5, JU = 0_.i4. groiri alg. If5, 


I (IW), g'rfiiTi Eauation (HMf), rrom Eauation (IW)^ From Eauatior 
163 mprapciBBPidcSlO) - 168 m^rQp4l««K310) = 168 m|erap(|i»i3f(3l0) 












- REACf^Sn^jjlC REAOf^^I^JjlO REAaf^|n^)jI( 



pi^i*MllittpiW0fip|ili^i*isiiiilKp|totl^i# ili^iiijtietiiwta 


sq m. _ sq ill- _ _ iu_ _ ^ 

k 2 It, of each tube is 9,2 ft. of each tube is 9,2 ft, of each tube is y 

Critical Tabka Critical Tarilea, Critical Tables, 

E A TABLE A TABLE A TABA 

Diphenyl Diphenyl Diphenyl 

pfffyyhenBeMmmene D^ltdmgien BeiBmtene D^^yien BeAmsene Di 

154 2,0 7SM) 154 2,0 78®) 154 2,0 783» 

3^2 7 8«^ 3®2,7 S«^ 8^2,7 WM® 








i product, triphenyl in the product- triphenyl in the product, triphenyi in tui 






































































































































































































































































































REACTOflj^Hg^ HEACTOft^^H^Hti REAiJl 



^ft -R^f i . F TF'- 



lyfiAfi 1 I f . bq! iBrtnn I I ^ . But i» i wn i i 

iomo ih(woui4M)«oo kkwo iMovi4mm mm) i2M)0vi4c»ic 


E inmo 

F\ Temperatilre, “F 


TemperaFires 


Temperature^"" t\ 
to fXf^ ciTOie fXWm 







































j^Blftfct^^^iENEOU^K^i^^^lENEOUa^KllA^^^ftENEOl 



data. data data. 

On tdia ba^i^; On tbO haaia: On thia baaa 

iJlf ealcCTnli^Iiioltf III calgjf^molcf |*i ealg]fnfflr«“lcf y| 



KeE b 


TAMlJi B 


TABfe 


TAJ 


iiTiC*i Fs«|#fifT OF CiilTiCAt fy aiylta p or OBixiCAr fWliWTtft* or CB 
B#gf»pn' liliiiiiif I^mpi IfiliMAZ lUJiiwi J 

14giT 14WT 



lif^ER 

lb per 



iniaro' 





miar 


jsinoN €^^^t0 f^ H:aMFOM:ri!jti tgy,Jij|i|^ATMPOsiTioN tg^lJayiBBBjoMrt 
ber Ce«t Mote Aiote ||rEpfifSer CoM Mote 

- Jjiplieiiyl a a d Diphenyl d on d DiphnnM ” = ¥ 

Triphenj’l == = --- jy p’jjphunyi ==---- j 5_5 -=pRphen;/l 


22 TO 


























- REAtrrwifap^^ REAt7r«^p.^^ 


At imS^F At iM5^F 4fl265=F#i^i 

a jv«£A< MoM 4^ Cenf MMq^ Cenl W^«wW MoMA r CTer 

i-"cr Cenf Per Cent A^er Cent Per Cent Fer Cefif p'er f .'ffni 


63 36 


63 36 

- — —=:-r-:r — -rr^ -- _• 

63.36 

25,26 

lliWfayi 

25 26 

miMpiyl 

25.26 

10 86 


10-86 

ThillBiivl 

10.86 

0.52 

Wlfcsn 

0 52 


0.52 

Klj.O 

lOtoOp" 

100.0 

imir 

100,0 


Mas 

amyl 

PtifllpByl 

gWj^E a 

lOTOi^O 


rmmcdrmimMmAMmMmrgm^^ATenA meAmFmmmFmsfM^nreg^marmiPtnMm 



2PT(c)f^ . . nmmFTiuc^j , . 0.02iirr{Mp«.* . ^ ii,02« 

—(»j = .-.-.^.^— Csj ^ (») ^ =— 

F F p 

impreasibitit’gf M^ iBeaii compresrahiljtjpM^tnewi ixiiimtmdMnlmr^^JWmmM cc 

MmmpersAutK^ u re. Hey etecilato 

epHctaire, peeiFl!ep«iyiqhf»iepitshiire, |Kjui|ii3=|,ai3sqiiaHJpw*uiF pouipis=patjsqliKi 
scosity, imCrO|rf>iiealieail viscosity, microptji^giiefwi aiscomty, mieropOisKStneaii vi 
ieit HHiifiSfWi ^iH3(lWf:» BHiM^K23(m 

FLmmmmm mtmjFMmmmmm mtmiFpm.mmmmm mMiF& 

fWlIlJperPBlc = (H2JpJ:M«tper*«le ^ (9H) ttAMIltperPffie = (H-ZjffiJ 

iairt*Wyr*haw^BafiyCTiwtaiiiJgrjt tyMTafcB WAIiSfrii*aiKtM4dMByMyT«hal^al^^ 

>utlet_ back from tbe outlet, back from the outlet, back from the c 

Wwiwfi ^Maiiii»iiriii*m'*ii«ti 

1 HyrtflamiiWiBidBterffilted Hy*Wlar»h®lieH»temiB*d HyHafiaiHbniilieibBymi^^ 



























^B^^^^teENEOU^B^<^^^®ENEOU^BJtAC^^pMiENKOU 


rt sectioa, Thua. in the fiist section, rhus. in the hrst section. Thus in ttn firP 

n EquatEn n^ hsiTioft from EquatiQtr t8? ii, miifn from Equatioq;lMT|,since froi 

aE)/(F) A(l/titi = CAE)/tF) S(i/titi - CaE)/(E) ACl/titi - C 
tirtil[A(l/ti|i| = ^i(r, +rti![A(l/tim ^ -hrti]lA(l/ti|i| = ^Kn ^ 

^ TtmamMA = fri/a ^ rdfAci/AtiMih = in/a ^ rsjinci /titiliti = irtia ™ 

Sti A ^ rmCl/titi = rtikCl^ti jA = rsAClt 

+ rtlLh(ltil^= !(n/2) +rjtn(l/ti4^ - [(rj2) TTllACl/til^ ^ f(ri/2) 





4paArtiHA(|tt'u4,s sifarrtiM'rfftoArts h 



[imliuu resromgiiig irc|iiiEiioii r^BjraiigiiiE iu€|imLiuii liii- reairaJigiiig^ eq 

ihnjt -(AprhlMBjMMSSAns mtiFAti- falfftifytiArA nB —mnrti- ttiffti.fW 1 

AiAfc’^-Ai\_= ' - -" 

“S "-'p --S 


eecEou, 


Faction, 


sectioii,_ 


AT (aosgt m (wsaj hfflTmTi (wsij = 4a?!!|t 

A=^ a=^ =T= 

































I RKA(nd%y|;I^^ KRAeidigl^T^fi^ 



m Kead±W)CJWrf®^fEpin Kea£il^t)M«hen»trom Kea<a^*}Hj}i«bf:nijirp: 






























30fifiA^^WBiENT;0U3CHiM^^TOiENE0UacBaA!^^P»ENE0U 








e= O O 





= = = Ei^ 



O O O ^ 



Eip == 



^ ^ O 

































lCTOK ll^^^^g^CTOR 




irnMmw^mMmmAkfm^m^mmmmi 


wM isp ^raijy fliRrttrtwfwM ^pTttiiiflaltiiatlwWi l» «m||||tta|fiBi|t^ 

il^ii#^iii#lifti«rtJiftrt^iiiw»tfcliw5«itiiftBUwi*»»%lif^^ 


m Jtlilteertliiif^ffiTO Ailteertti^^MTO iMiPtoie^lii^iAilH 

[itteMptaiTitliB fwtuwMptMaiptirLitto t^iamMjthmmptMxmm fatuMjfci 
ipp6tai^Atf*teaQTOtppiin5^«h®Ate*a»Ippetes^ah*Ah:aHie 
i»iterfcfli-^fiii|it»iifaiBtaMtf Af^bD^trtiiiroiiHMifdW^bri^^lfltiiit 





LJ^MiA^^pEENEOuqClfi^^W^ENEOUgCMfiA^^^KNKO^ 






ttMntrbiiB^^otJicipiptiMrtaiiTtiM^fciiJiflapptitiitiKrtiaH^^oii-: Jirp 

(A 


htittiM miiiwifciijraatlibtitM 


as follos^iriiriablas are as fulloa"Sariablcs are as loiloa'aariables are 


TO»«t«iirfoft@iiifQEhwMpBt«TOiift«dothimnnpBeaJi|irift#ni6ilai 

ift«lti»ilMiMi«iiwl%iWis|aciftiiBfc^ifi^f||igsfiti£iiiMi^ 



to 1028 . to 1028 . ^ to 1028 . 












fttiOii followiiig cqiiatioii foUowing equaiioji foMowing equs 
r(a/W (liM) iIt; =”dT(fr/W (104) dn, ^~iiT(g/4q (liM) dfi ='tl^ 

cess. for a flow process, for a flow process, for a flow pro 

(F./F}i|^./F)5 - cf(n/F)iI^./F), = rf(FFF)P«VF)r - ^ 


tvior giveadeal=gas befiavior giveadeal^as behavior gi veadeal=gas behi 

^ (Frt). Ch^V D 0-rtv.. [a- 


UmlMwida/P Lrfm|Mwif|ivo LwhlAtwiF. 


/F) 


ta&jre dia taib ^Wjtempb^^re distob^wj|empEMH|re dish^^uteiPiiB 





MCMA^^TOENEOU^CMA^^WSKNEOT^aKA^^^eENEOUS 



ittitelatfM^^pdijMrirMttitela^M^^cbWr^ttitelm^KiBl^AaAM 





wiie*i^««iiftiiii®iiiitMliirtw«iW#iiii«P^ 




desirable, desirable, desirable. 



where where where 


»fif ffammA^onmmfim tfS&0iMyaou^mmm fttimMi 







charee 


ehari 












FACTOm^yEWMi PAU 

1 ^ 1,0 gives = 1,0 gives ^ 1,0 gives 

u)^ r^ r- 

-fiM Jo (1 =J§x)(J’ =710 Jo (1 ~~J§^)iJ^'-~nM Jo (1 - 







‘’(fu# 


_am |/1 

= (W.-e 

z‘ 


(fni?= 


s' 


SJfl 


v(m«). 


(W. 


Sfc = 

— e 


am- 




'm 7 


e 



- vee jl ^WCT - - mtpu 




asw4v^iil8nfcot^rt ipwsavir^iilftflteilart i^easwir^ifiBntsital itkm 
:ipE^i*ftliii«Aiipriiiip'^ri~*il:Wi^rt4Epniiipea«*cttMi^^itnffli 



r^tUgR^ed %lMirtf£r^ttM^ed il^^eu 














S^m^^BSENEOUSKMAC^^SENEOU^^^^^pSENEOU 



it Keiitjujrj '¥r ygl ijTn fi ot Kcatjljiji. 

egligibto. arB Eeglgihls^ 


„ # bl 

VoliHtie ol Keactor, !%■ 

aiWBiteiwri 

are Negligible^ 


^>2 f i 

ytit moB t 


are E 




































































































ifiKii rn^^MmMmmmd e^^awjeiBtwtt 


|il^if«i*Wfep:fca^tt4iAcf*aiMcTOWteifaifcUociwFBtWi;fyM«mtaii 
























^Camf^MSENEOTT^ta^^^WeENEOUSC»m^^W«ENlSOU 


:tiilifiitii^;|liftfciertifiBBtiM«ifa^#ititol«rtifiBBiiiiittil^liirf|ii^^ 


«^itpt»|aitaiwflpii mc^»mmmm^wM^m < 

rttie %i hm^oyWMmm 

!jiBita«!l|ffyilllpiit;iiiijiE#ittliit#liitMifci^^ 


ftisrtSilif^ faOiEpttiiltiMiitiliift fiwiEWciatfiiiMiill^ |fl«fogk|T|i 

i#iii|jfi^fiifet«taiiiftMiw*lf!iPiiM 



















war^liftV^witlie forwarcr^fty^^thR forwar4tefttiWwitlie foi 
M%acM^,the reverse reaciaafl, fhe reverse reacMiiat the reverse i 





atiotte|i|ri» thdi*iiiiiatiottof>|r« thdfcaliiatioftwfiftw tfedfeniii 



, forilMfWssMioiil’hus, forrtMaKnMiohpiiis, foriliHiaBisMiortpitis- 

a B + a (Map X» rra 12 + J (Map B* ire B (Map M* v 

raaciifwitlift forward reacliofitlie forward reacikiBithe forward ; 

- O (119) Ad* - O (119) Ad* = 0 (119) AS* - 

eactRmrtlie reverae reactlAiit the reveiae reactRiiijthe reverse r 

- 3^ mm- Sa - av eifl®- Sb - aysn mm- s„ 



kr _ep _„ kA kl^ 

w^iyatyigAflfc AS* wadiTOt^gihhflt AS* wadrnm^mAm A 







WMA^^MSENEOU^CMBA^^raBENEOUa^^^mSSENEOU 



tteiiM*^}ifll«teiifciiMA^i8ii»tctifcIAtafc^|iSil»ite 

r*3z±je+a+Bi=±E»^/2+M+B^=sE^^l€+M+B^J 

m %imBhmmM3h^R %ims^aGim^^ 

SimEarly, Biinflaiiy, Similariy* 

wfifirf^ wfiCrr© 

q£ ofe Sta^'Ar.^ikttt^ “t ittWp 

. + sfc)/aift = (Si. + skt)/»m = (SI, + sy/»^ - (* 

ftTil reactthe foiwarii reactlc», the forwarcl reactlCifc the forw; 

- ^ - «»* = 5 i - Be - fl»* - Si - Si - 1 ^* = Si 
rae reactif^ tlie reverse reactipar the reverse reactipar the reve: 

' - s« - *»!«'= sy = s* - am*’= s^-Sb- m»'~ m 











ACTlV,^^M«Will act 



to the reactioii, 
i# 

(126) Air* = AH c 

(127) ^ffp ^ Cl < 


to the reaction, ___ to the reaciioa, 
hJ3n±h+if A«iAh + 

^ Aft* ^ Al? ( 126 ) ah* = AH 

f AB*' = 0 (127) aH»' = O 


^ the gf^§kpmmlMmhy the pji|||rrtpl»ililWly the gei|ftrftiffllii*M:by 
' + BIMB + C® AfJ + BIMB + Cn^AC + BmB + CD^AC 


1 TABLE LVI TABLE LVI TABLE LV 

ElClMqtitlojiTMATE Bosm EwERClHfloXfMATE BOMO EweaGftasMii TrTMAe K Borra 
l^pirBliAlh!# Absorbecl MiHipirftililHe Absorbecl HfEppirltPlIstl AbBorbed 1 
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HI W 3^^C1 f«3 ^ C£« aiHOi mJ —O 2^ 

Hr i8C=OH4W iCH^Br fiaC^HAW KB^r 5H3=0 h1« ICH- 

-1 44B^BiOHH 44Br—BiO-^ 1®^ tdB^HiOHa 11®- 

H 77 N—H i^H 77 N-H 77 N~Hl 

oting rn^ooiate tKjtH|eting ij®teoojflte tlMjii^ctmg nhikoiilBie tfHawi 


= ( 1 ^ + AH* AH*" = aw + AH* AH*^ ^ + AH* AH^ = 


+ H A+HHn±AH + H A+HCtAAH+H A+HHo±AH 
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: interestemperaturo range of mteres|enipBratiiie range of intorca|eniperaturB ranip of 

loleAli= = 8,400 eaJ per g=nioieAff® = SpOO cal per g-moleaU® == S^OOO aal per pir 
Jfc)=2.31 eal per (g=motetffK)—2=31 eal per (g-mp^ffMJ—2,31 cal per Cg 



ieraturegs a function of temperatureas a function of tempeiatiireftg a fiinction of temi: 
and AiS^, (ft) gkraluate AB^ and AiS^, (ft) Evaluate Aff* and aE^, (ft) Evalnate Aftf 


taiepcraiiiKjaa a function of temper^affiaa a lunetion of temperalBiPas a function oi 


the rate in the rate in the rate in 

I cm)(sec),(aj Moteciilfis/fcu cin)(see)te) Molecules/(en eni) (sec)te) Moleeiiles/(cu 
‘)(seo)= (b) OnnolfiR/ClterlfHec}, (&) G-moles/fliterlCsec). (6) C3voiolca/pter 

ratioig 4. in the rate equation^ 4, In the rate equation^ In the rate eqi 

r = Aah r * iftc*, r = fcch 


J^K 


k = 0=0031 at TTOteC 


te ^ teCliSl at flMTC 


fc ^ 0.0081 at fOi 


41 Mtefi|M*oles/(inin) (22,41 liteiflflpsBolea/(min) (22,41 lter^lpMoleH/(miii)(22= 
:rs) c se g-uioles/(22,41 iters) c = gniiolca/(22.41 iterH) c = g-inolfis/(22,41 Ite 
iE fcjfc^^lateia ittetiahiarliiE fofc i^^|plnte Btetiahisrofc * foft^^^teteitteteatMfch 


)(min) r ^ ItemoIes/CcH it)(min) r = Ibuiioles/Ccu tt)(niln) r = ll>moles/(cu ft 
pa = atmospheres Pa = atmospheres tei = atnKKptjnres 

value of te in 1 /aec, value of te in 1 /see, mhie of te in 1 /see. 


as a iuifiliiE®fli'llltpi)®(Jir) as a iud0MjmfW'(wm)^(br) as a mrl*ttBttf#Citpii)^(iir) 
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HOMOGENEOUS REACTIONS 


icw. zmi 


of 40 per eont by And NnOH oqniTnlaBt to 004 BotmoS^. Tho danril^ if 

the both ntay be token 1.0. 

The perorntnc*^ nvnilnble oxycm eonient refen to tbe vobiBM of inygM pn p 
1 eUn. 0*C., which moy be libermted from the hydropn pe rooi de expeoMd m • 
centoge of tbe volume of the Ikiuid. For » period of 1 hr et 60*C mhminte; 

(o) The percentoce deeompoeition of hydrogen peroxide. 

(6) The grems of H|0] decompoeed. ____ 

11. Five hundred greme of phoephine gee ere heeted in e tube et VTITC-, 1 elp 
pramue. for aOO aec. Dinncietion prooeede eceording to the m e etion . 4PHa^ -• 
P«(g) + 6Hi(g), end is of the first order. The reverse reeetkm is ne tfgtMe. T1» 
reection velocity constent k. per sec is expressed es e functM of tempsretufs nsHsS> 
ing to the following equetion given by the Intemetionel Cnticnl Teblss: 

log,« k. - - + 2 k>gi. T + 12.180 where T is in dspin KsMn. 

Calculate; 

(а) The grams of phosphorus formed. 

(б) The time required to decompose M per cent of the p hn spb fa a at a tsnpKatwa 
of 672°C. 

12. The saponification of ethyl acetate by alkalies in aqueous sohi Uon i s a 
tively rapid reaction; the reverse reaction is negligible. For a seoond-atdsr fsastfau 
the reaction velocity constant is given by the International Critical Tabisa whsss Iks 
itiiiiikl normality of caustic soda is 0.05, as 

iTsn 

logia lb. - - ^ + 0.00754r + 6.88 


where k. is the reaction velocity constant in liter / (g-mok) (min) and T is ind^psas 
Kelvin Calculate the time required to saponify 08 per cent of the ssisr at 
when the initial concentiation of ethyl acetate is 2.0 g per Uter, and tbs mMsl ms- 


mality of NaOH is 0.05. , 

13, The decomposition of nitrous oxide proceeds as a gPO^mo-oroBr 

2N«0_> 2Nf + O*. The reverse reaction is negUgibk. At 805*C, the Intarnal ioind 

Critical Tables give the value of kc as 077 (cc)(g-mok)/sec- Cakulale tbs tins 
required to decompose 90 per cent of the NiO at 895®C: 

(a) When the volume is kept constant, initial pressure 1 atm. 

(5) When the pressure is kept constant at 1 atm. - . • e . ^_ ^ ^ 

14 One hundred grams of acrolein are treated with 120 g of 1,3-biitsmns m • 
S-lite’r vessel to form 1, 2, 3, 6^tetrahydrobensaldehy<^ The of the r 

hyde formed in various time intervals are given herewith for oonsUni 
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iimeticip: xeactioii: 


i» *1 m m a* m„e«in) » 

eentl]ii«Oi«Hljeniteci feilbic nentimiit^liberated fcubic lamtililu^lllsMbemtecI (cubie ^ 

ii» mUi mA «jti «i» «feft «i a 


20 50 gii rflo 40 20 ou 30 r#* 4(1 20 SO 30 40 

Wllfifi 0.0iiiMiK7^1Slj_ijfliii6fi 0 ^tl«iMl67fi.261j. 1^166 0.fll»iijfi7»j25ti.l^ 


ia ncgOipbRfcCTersa rBactiou is ueglipbO’ceiralw reaction is iionli^ljlerBifgfse msctioii. 

1 


il; b =mmiwaa = asssi; ft ^MJWC,a = 0 . 2881 ; ft ^- 111 ®^® - 0 - 28 f 
iipaaef»ijlettfErfi^dif(^^g,|pniiegilt;iett^lra%4*^rtiata:nilWBtrMc«Br*i^dfttnb 

at^OTSR^rtiWfcff oEMrdt^^i 
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* n 


8 * 

T T 
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O.lllRoO 
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0 .I 13 B 59 

84 aa) 
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mn 

0 . ili »32 

102 CM0 

0 .ffll »32 

102 (E 40 

o.iiiiai 

loa 
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132 (BW} 
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18 a 

aw 

0 . 1 MB 57 

losaso 

0 -I 14 B 57 

168(180 

o.mwftT 
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T0^m^^WBENEOTMCM^^^^BENEOUSl^»«^»8EWKOT 


fifi*»«^WMttPttP|ttsi«^iliflpwKPWitaf»^M»#»www 

P^iii^i«A^^s|toB«liP%ii^gi«tfc^#5|iafliiiwmi»pWiiMi^lii» 


retort, retort, retort. 



oqiiaEoii: euoatioii: eqiistioii: 



^mtw ^gsooo Krfvm): 3^000 Kcrtio): 

ir sr (i/s^E 7^g(iqs),. Sr (1/^rt 7^g(lCt)r "r (l/^rty^g^gsj 



5(W)=aan<iq 



PWpriftWro f|^ Jlp|8i^i^fl§min f|g^|ip|8ip 

rrlolectilar weiEm alolGCUlar welg^ oioleculajT 

itK# "E Critical temprtMure, “C tg^y^i^ture, "E tei 

1=C, g P^^id dentM'fc^C, g rtEipid drtiA^Ss^C, g p«Ei|ft,d 



aPM^G and 3 P»»G and 8 P«frE and 
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)TT^«m^^®&ENEOUi^»^«BfSENT;OU^cm^^^pBBNEC 


i«iiaiAlihpi^^feteMsart«-taitftiipijMi-teto»^«a«3MttipjiWiitete:B*« 

iii^ta»fcft^^»ii«fhap«4a»i4^^«»TOfciip«taaW:^«»tii*!«ii 


»|8ttid tateifad tested faflttateite^iiMa&iiM I 

(aj ftHpArfigaiiBsihgiTO dirfitiiW ifci®trfhj!A,Hiii8pWidfifE^ 



rate= 


rate. 
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of the heater. 


of the heater. 
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20 
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jaaniber. _ irhamlier, __ ^ a hftmh or, 

foUoWB; folkiws; follows: 

am NOaCit), = 63 m NOaCg), s" = 63-00 HOaCg), s® = 6 

0-34 NOCg), s= = 50.34 NOfgh s" = S0J4 NOCg), s® - 6 

3.31 Ch(E), s® = 53.31 ChCg), a® = 53.31 Ch(g), s® - 5 









A XIX CHAPTER XIX CRAPTER XlX CHAPTRI 
cEACTMMTYTIC KKAClraMlXTlC RRAC^fflMlTYTlC I 








reactioii. 


reaction. 


raactioii. 
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._.nat=e, “MMs, __,natc, -’MMS-, _,._,iia,te. Wmm^ _ 

H- HtO^OH =C2H4 + HtO^OH ^CtH4 + JlttojOH i=±CaH4 ^ 

AlfCi AMh AJiOt 


lO 4 ^fcOH ^ CHsCHO ^ CHaCHO 4 %fcOH ^ CHaCl 

CJ=i CJu 
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_ ses^C 26§nj 169=0 

itSfMMl E= (CiHj,02«aiffI = (C,H5).CSttaiifti ea (C,n5), 

AMO AMO AMA 
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Aity. selective activity. selective activity. selective acti 
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rior inieriauaw- at interior mLeriaces. at,interior iiii 


nrfaces, at 









REA<M^«MIMK10F REA(lfW«j«l»«10F R 








R] 






DSORPT^WIVATED ADSORPT^raTVATED AlJSOHPTMHlYirrEo A 


|miitti£^^Mi^tfwirAPwdtt!iia^»ciptiM|ip«iltttitewirtptfjWA 

w#il#wip^^si«:aaiataMghttmi|i^#imaMiato^iflhMii^^®fl»£aifiaU 

adsuibent* adsorbent, adsorbent 








concleiiKatifin, condonsation, condeiisatinu 

















AnBoRFmmivMm AnmmrmQmvAxm aj 


jnomena= diffusiolial phenomena, diffiiaional phenomena, diffiisional pht 
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Stmiiin arWMf^Wttmuin iii«H«6tf'TOitnmiTi 


iso: 
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KE^r^^KAT.YTlC REKMT^^^LYTIC MEKOT^^reALYTIC 



iticity, degree ol spccitieiiy. degree of speciiiciLy, degree of spee 


liiitfaap^teYttWatefcaw^^ii^Waitteap^teYlttto 
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fc^toiyi MJ rp = d^diyi W rr = dpcipYi W 04 = 
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= a' ^ . (Of z. ^ ^ af^ (Of = I, ^ ^_a' ^ (01 ^ i_ ^ 
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^rk^fy^a^my) ^ J =r^^i|,OAi«iW J =rfe«| 


ti 1 w|rtpitp^n»a^|ttW: aotHpiitili^^paittprf imttt#t|Hlp^rawtti|W a 
adaorbed molecules adsorbed molecules adsorbed molecules 


iniAii«ig|)lilliiitis«dtoiiidi AAiKbittlttAaEfctdni^ A 4 M«|>M 4 Wsiwtttr 
es tJdior bsiliiniberiif maies AhorberiipfibHiiM nmlep MmrbciiumiymiM mai 


fC 7 !b 
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are coshered arc covered are covered 

a®f!WofttlmilaI)I#Ki*f 7 if«rtiWMVofirimilabl# 6 rtediBilticiii/ohi*ioiiIabl#grtedfi 


bcr, as diseuKKed later, as disciisscd later. as cliscijssed I» 



men, component. Then, component. Then, component. 1 


+ C/Crffpim)^ Im + cr T ciCtff^^)— ito m cr + cmftfpT^h- Ivi + ra 



ation (/) dbiwelihuig Jrquation (y) UhiHeJjMing Equation (/jiilifitlvioi Tqu 
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L T T 
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.ction, adsorptioii reaAion, adsorptioii rcactioii. adsorptioii rea 
riesorptW Btii lariy. for desorpt;||^|lgj.ly. fpr dOaOrptl^ttllarlyi for = 
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^ 1 % “ 






( 16 ) 


CD, 


apiiiliEii^towtfil of tftpiHaiiiirt^Sfli^ft of liifi^biMiattl^rtflft of m 

[ilateral trimm^em #f=f5cfiiilateral triM^e«p ef^cpiilateral triap6c^ aDccflj 


rtfjftffi^i^rt^^nto^rifjfi^fctotoiiwfwiftBiMljfiiiitt^rtta^tatoft 
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KHiCl sCcI)* ^ StiC; sfcfa® ^ siiCi 
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pMiteirtit^yiiiii^ sitii»|»nWftk»WWii4l iitflS»i«iit««i(»WMil|l iitip: 


ioteon^^tive CfAiterdmuifaH^rtjtive cAtemimiiimi^iAtivc coaterda 
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4 CTlO® 45 g^^^jSjREACTlOjs 5 gg^Mm]RHAmTU«i%jmF.^KlRE. 
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TKBiil«|M|: 4 i^twWti 3 M»ri«lfc*e$teMfls*ailitiiifij|Kjii|ifctlli 

Mffli»te@iteii*|pi»ttetiai^taitoiiiiJ|iitoMliitti^^ 



imple eciiimlHnwiittftfce Himple eqxi ^tmrnM Akfi simple eg11 Atiigii s rrttriAe s 
|fflfa;<lJaMpisrtpMirinrf4iiiteilii«p^^^teU£jrfici*d*CiifaBntp^«p3iAirff 







iioiighipsadsorptioii rolatioosllijjsadsorptiun relations hips atisorp lion rela 


o haTijre not undergoing cliangn. not undnign ing change, not uiMiergoing 


CTlOnH SukFACE REACTIONS aUKKACE REACTIONS BUKEACe KEA 








REmM ^^ ALYTIO KEOTM^KALYTtC MTOlM^ttALYTIC 
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losiMnltt? in adjaceiiL ituaikimm m adjacniiL posi^i^ jn adjauciii p 






b 
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rate equation rate equation rate equaiion 
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CATALYTIC REACTIONS 


|Ck*». XDC 


proc<?«»" eitcam id the regenerating agent and removes earbooaeeoua 
material by the familiar water-gas reaction, producing a mixture of CO, 
COi, and hydrogen. 

Quite different from the relatively rapid fouling of a catalyat by 
carlwnaceous deposits Ls its progressive deactivation with continued use. 
'rhis phenomenon of long-time deactivation is encountered either with or 
without short-time fouling. Thus, each regeneration to remove catalyst 
deposit may restore the catalyst to a slightly lower activity than the 
preceding one. Such progressive loss in acti\'ity may remit from irre¬ 
versible poisoning, from structural changes of the catalyst, or from 
gradual loss of some constituent of the catalj'st. Continued service at 
high temperature is known to reduce the surface area of some catalysts 
and also to produce changes in lattice structure which are e\ndenced by 
changed diffraction patterns. In many cases it appears that these struc¬ 
tural changes are accelerated both by increased temperature and by 
contact with water vapor. The effect of water vapor in promoting mch 
rearrangements of solid inorganic catalysts is particularly marked at 
temperatures of 1000“F or higher. 

It is common practice to compensate for deactivation of a catalyst by 
progressively increasing the temperature or pressure of tl» reaction. 
Loss of production may be avoided in this manner for a time, bu t evq> - 
tually the activity of the catab'St reaches a level at which further opera¬ 
tion is uneconomical, and it must be either replaced by new cat^yst or 
subjected to some reactivation operation. Reactivation may involve 
chemical treatment to remove poisons or to restore some lost constitaent, 
or may consist of alternate oxidation and reduction or solution and pre¬ 
cipitation to restore the surface structure of the catalyst. 

Considerable confusion exists in the use of the terms “ regeneration 
and “ reactivation.” It is believed preferable to designate the remo^ 
of catalyst deposit formed by short-time fouling as repnerat^ 
tinguish this operation from the periodic restoration of catalyst activity 


by reactivation. _. _,. 

Fouling Factors. The effect of fouling on the results propoed 

catalyst is best studied by plotting the duration of 

the conversion produced at fixed operation conditions. The 

plotted may be either the differential or instantaneous 

produced at the time in question or the intepal or 

from the beginning of the process pen^ to the 

former type of curve may be established expenmen^y ^7“ 

fong process period by analysis of a series of “ spot samples taken. 

liR P Russen, E. V. Murphiee, and W. C. Asbury, Tnma Am. InA Ckaa. 
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at arc reg irigaf iof interest are refji«ft;iof interest ave reqiiiaflrljf interei 








iifMgft gyldmtofM^faee 99l4eii»^Aiii^o yhlderW^#* 

(? 0 _ 0 


00p 

hyi. 


fv*/ tija = 

08 ) ^ 


ovyo fnpjUiw 

00, 


07) if 


do 


•am. 


08 ) 

heOv 


mV 7=^# 


0f) 


dO 


wuRio 


where 


08) Mm = 

where 


fit i«tlTJj^ 


amM^m 

iattfe^fw ipMjw hoattfei^iar i^filgC. 


IQSX 











FlClfl^^lFgli CQEFFlCl^^^FEBj CXJEFFlCli^aMlFBttj COIE 




_ TljiM* __ Tlmfi, __ Ttnij, ______ 

^ir (41) D, = s/a^/w (41) D, = Vo,/, (41) D, = Vffl„ 

wheio wtoiB wtmm 

‘m peKpHiii^Biiifaco an^ pjBpBiiyMirface aaot pespeiiipffliiiface m 




___ McliictB to _ lediiiJW to _____ rediicfis to 

J (41) (41) 3„=Dvn (42) = 



llowiiig the foEowing tlie following i®|»tlclip the to! 


6ps 8( 


1-M 6» 6(1 fipi 6(1-/V 

wbem whero wbem 

il, dwrtiFCiIiMtt^ystlMl, ctao^^oiiHa^yitlMl, dHBto|»’ofiiia:^ yatlh 




y - m9(D^/u)^*^ 
(Djy/M) > 350 
a - cmcDM^^^ 


fO^/iO > 3M 
to - (WCtopCM^ ^ 


to = 

ftoto/M) > 350 
to - 



T1 Hto) niimhftTH Iftna than MhCl. niimtoira Irsh than Hath mlmbftrS leaa tha 
















SAT[<m^^paND HEAT[aB^^pftNJJ HJ£ATHI 


where 


where 


where 


of the bed ot the bed of the befl 

ia.iipridi^;;ttttirilMgiOJi^Hrt^ifcfcto^rtgHiaMipfii^LAttffiir4fertip! 


350. 


350. 


350. 


artiflapiAii^ttto^^ lihihiafpiilnMire^K lii 

munhee number. number. 





lW«enllwiliift«is<*ittMt«ptttl«iiiiiHi^MiW|#p*lit«^ 


pteable to tlti|ii«|itfc^pi«ablc to to tldtiMwiifW 



!( 5 £rabMa-a+ 

^ 




ref, 





reh 









-^Ltua 

ifoC 


p j|iat p ti u -sfiiMA#! 













































































































































































































































































































































































































HEATiCm^^MSKNlJ HEATKHi^^KKJiND HE 


;ONSTAmT»HYSICAL CONSTAWT^HYSTCAL CONSTAHTffimSlCAE i 





!i|iili.oii f!Qftfficite|A. :^rMifB^oTi ftoeffidiarf;. -fiirfliHiiiQii cocffiiil||||,=Sif 
HlStlAratiire; fleg^fcllitlpftratiire, dei#efcl|ite|lferatiire, mgmeB=m 
[iftflifiMar ff^lUp^tHrriJlAAar l^lj^^HAiiilfcMar 



EE EEl TABLE ElA TABLE ElA TAB 

OB Cc*ffcWf;LTf^Mig#ToB Caaf|}Bfca#MMflJS% 



'Onipouiida uifidsHiiiiaEc compouaiia Ui^jpg^matic compoUmE atJUis^Tnatie c 


oc nng 
lalene nng 


J?Pr b^tocne ring 
For niphthalene ting 


For bidzene ring gpr bittrea 

For nSyhtlmlenB rmg For niphtl 



Q 1 


01 ^ 

















JOTlOT«BMmpONDUCTlOT^|M«KXjNDUCTl^^liM«pONDI 





9fici4j) +»ip«nMi«Mfici4.8) +3mmu^m^^mmM) +mm»sm^ 


^ j »jAoQt 4 j , . 

» ■ 21,0(96»+ 29,9*)*^ w 01,0(96* + my*)* 1/9S 2i,0(96» + myt)* il ^ 

«f)!» wi»M|iftfiiP^ro*r out mmmqai^ 




»M» ctaplripelitql 4 at«jMie ctaplri|^itijl datioMiii 4 at 


r materi^iifiS lor similar inateriafces for siiriilar materiirtiiBs for siiiiilai 




critical rmioiL critical repom criMcal Tcgioir 

t TABLE LX TABLE Lx TABLE L3 

iw 3 *lPliTOBSloA^fii^MOTralWiB^rasioHj:ft*^m»wi*lWlin«BsioA^ftiJfcij 

m r (¥)• r 

o^axm^o, 0mTOH®M«O, B 
^ 0 = 848 o^a 0,848 OWi 0.848 d 

sex 0 Kfi2 ^^SeX 0 862 SCX 0 862 rt 

















lEATrCmi^^iRND HFlATtcaai^WEmNlj H KA-rfOtitll^HKKWTl I 





t^pM 



£pm 

fc 


















iarrangmgigiv^) and rearrangin affli a^) and rearranginEiltvWJ and h 



+ VAgiAj 
+ pAid/j 



irnsmLSm^ 

+ piiA/MO. \mtj. \i 


+ PAddf ^ I 

+ pain/^ti 


a) in (ndBirtitnting (no) in (nigiWitntiiin (on) in (ndBi^Hiiitini (d 

fpa.iJfrX^ \ 1 c?(l d/pn.\ 1 c?(l #/paJJfr)_ \ 1 g(l di 

ytkimkACivI = VAiM^UmuGhl - PASilMkrkmAG^J - paJC 

^_ ^gg^Clfjktpoaio/ it) ^^a#(tfffnFA^go/g) /ge#(l# 3 tpAga/irj 

r^a pAMLdk^A/r^A ^ jnMlnttffliAi/nd|j4 =^|nil4atttfliAt/' 




f be writM.teliMw«ay be writ^ntei^taniay be wiit^ateiifcwBlii; 




_ ifciwy 

approxiinatiQn. approximatiQn, apprommabiin. 

























ATrem^^BSRNo HEATrcMM^WMNo HE, 


-Zt^ -z,= : 

where where where 

he^|<#f 4 raiirfeei^| he^|^|^aijAliiip| he^i,^ 
I isiitoiiiber of tranMli aiifcijiber of traiiMig niuteimher of tranMii 
A _ Pi#a _ r^w pjjlpe l^hi p^ 

ha' "W®jjJ ir + PaoIJWa “eftjjJ (a + PotijCpe w#jjJ Ce + PaSaIa 

tnJP-M (W.h£.^h ‘ (ffdsir 


* = inolehi^rton of ^ = iiiole^a|oii of ^ ^ mrte^^iioa at ^ 





I — til ’(f \li^^/aTOh#e If — «f) \lifla« 

iti#»iB^W^iiilliiP«i^iflrt^^liiilto#i^™te%iM 


oj redlleesirqijatioii (oS) retiiiceai^iiatioii (hh) iirdueesjeftii atMm (p 
VWiflOa fVM.rvM-dvM .-__ #w..lWj|iHw4 





mypP^ 




) 


" W 
























HMintid f^^mmMmm^rnMmtM^ f^^ttfc^mliartlMjtilii f|^^Miri»iittfl 

PFd!Mpfc#afftew|fcxft#yctofl^ita®tewtWiWF<to^-fcfr*W^wiik*fli 


aoii (tiO) mMitmm^qaMMmi (ijti) p^uBrtiJJjjqiiaiioii (6(1) pgiyseijiffcpial 






lb/(hr) (sift), lb/(llr)(sqft), lb /(hr) (sq ft). 



-sib 


eqiiatioii; 

3 , 50,115 C 7 ,glliE 


equation! 

2 , 60,10 n± Ct,,Hii 


SStiaiion: 

SftOgHg ,=± O 


vMMi 


mdng <a^titniimmng ^^^^mmwituj JSaiermi 

^leiiiftS w^anoIePro^^rleneSS TO^anoleprO^^ylen^ 

^ne 62 fl»^i|noleJp^^^ane 62 ra^noleJ(ri^^anc 


Sqm ia,9il inolpn; ift^^mur 14,qlJ mnlns; Isl^^mer 14_SM) molns; 1« 
















:AT iTOBAfWEmND HEAT |®BAI»5mND HEAT HE 


- 11 T 6 2 A = - 11 T 6 2 A - = 11=76 2 A ^ 
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Chap. XXIJ 


GENERAL STEPWISE PROCEDURE 


1011 


of the partial pressure and temperature differences is then repeated if 
necessary in order to establish an accurate rate. 

It is theoretically necessary that the algebraic sum of the partial 
pressure differences of all components in a complex S 3 ^em shall be zero. 
Where an inert gas is present it may be considered that any unbalanced 
partial pressure difference between the reactants and products corre¬ 
sponds to a partial pressure difference of the inert component. Where 
an inert component is not present it may be necessary to adjust the 
partial pressures to an algebraic balance in order to compensate for 
inaccuracies in the approximate diffusional treatment which is used. 

A complex problem in reactor design, involving simultaneous reac¬ 
tions, together with temperature and pressure variations may be worked 
out by combining this method for evaluating differential rates with the 
stepwise method of integration demonstrated in Illustration XVIII-13, 
page 875. Small sections of the reactor are considered successively and 
the conversion in each calculated on the basis of an average differential 


rate. Thus, 
where 


= 


(r^UATT 

F 


( 3 ) 


6xa = conversion of A moles per unit of initial feed 
F = rate of feed per unit time 
W = mass of catalyst 

(rA)«vg = rate of conversion of A at the average conditions of the section 


In each small section the partial pressure and temperature differences 
must be evaluated if they are of significance in determining the average 
rate. This operation is not difficult after the first two or three sections, 
because the partial pressure and temperatrire difference are all propor¬ 
tional to the rate of reaction and may be estimated from a projected plot 
of reaction rate against W/F. 

As a part of such a progressive stepwise integration changes in total 
pressure and temperature in an adiabatic reactor are readily calculated 
from each section as in Illustration XVIII-IS. In this manner complete 
t^perature and pressure distribution curves are obtained. The rela¬ 
tionships necessary for calculating pressure drops in granular beds are 
predated on page 1015. The case of temperature gradients in a nonadia- 
batic reactor where transverse temperature differences exist is discussed 
on page 1033. In an adiabatic reactor the temperature change in the 
fluid stream is calculated from the heat of reaction by the following 
diffe rential energy-balance equation 


^ _ TapbAHa 
dZ GC^ 


( 4 ) 
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1. Gas-liquid reactions t>'pified by gas-absorption operations in iHuch 
chemical change occurs. The absorption of carbon dioxide gas in wumtic 
solution is an example. 

2. Liquid-liquid reactions such as the mtration of toluene with mixed 
acid. 

3. Gas-solid reactions in which either all products or all reactants are 
gaseous. The oxidation of carbon is an example. 

4. Liquid-solid reactions in which either all products or all reactants 
are liquid as in the reaction of lime with hydrochloric acid. 

If more than two phases are present many additional types of reactions 
are possible, of which the foUowing are of particular interest: 

5. Reacting systems composed of a gas and two solid phases. The 
low-temperature reduction of iron oxide with hydrogen or the absorption 
of CO 2 by lime are examples. 

6. Reactions involving two liquid phases and a gas phase, as, for 
example, when nitric acid reacts with mercury with evolution of gases. 

7. Solid—solid reactions typified by the sintering of powders. Some 
compounds have been produced only by this type of reaction. 

Many other classifications could be cited, each of which would involve 
different combinations of the fundamental principles governing process 
behavior. However, for any one classification these principles should 
apply in a similar fashion, regardless of the particular compoimds under 
consideration. For this reason it is believed desirable to study process 
problems from the viewpoint of “ unit principles ” rather than “ umt 
processes grouped together on the basis of similar chemistry. 

Unfortunately at present there are sufficient data to permit sound 
kinetic analyses of only a few reaction types. Rate measurements are 
badly needed on other typical systems in order to segregate and evaluate 
the individual controlling principles. Of the seven types of reactions 
listed here, data are available only for the partial analysis of systems 
illustrating types 1, 2, and 3. Of these, type 1 is extensively treaty 
in the standard texts on unit operations and gas absorption. No satis¬ 
factory fundamental method has been developed for problems involving 
chemical reaction in absorption, and at present such processes are 
designed from empirical over-all transfer coefficients. More data are 
needed on which to base a sound analysis of such problems. 
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Reactions between two relatively immiscible liquids are favor^ by 
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5 fcfl) Ujs ArUtMiy XemM FO) -ilAtMiy XBurm FOj =flfltflflty nnarf 

iifCKWE^y ifeasfc 

«IT5i r ^|BW«»i^»WI7SlF ^ ffi|BEwiawa»Wfr)i r ^ Ig|»liM)i!i|i|tK 
0 ugaJAifllwaftA - 0.i)QaJ7n>fflw&^ = Wfe oniaAiOliOiaA = 

EwtWj) mMmmmmm5)mm) mmmmmmtm^mmm m^mmimmiom 


A TABLE A TABr.E ^ TABLE 

iENZKUK NiTkATion OP BpazErfE AlTBAxiOfa OF BeNZEmE JAITRATION OF I 


s bciixenetjcfstei itM) g-moles benzenoAcffes: itMj K-moIes 'rsfinzBjmAiustsz lOO g-mole 
f) / (litef) BiiCi^niolea benEene) / fiiter) fbiCj|-niioiea benzene) / (liter) ffiiigHriioles bcuzent 
Per Tenf Per Cete Fer Peitl 

piim PcKO PsTO- 

3An la bJWfeF cfiftr ly. ojp||eci Aittr lA AJpipi^ teshj. i 

40xx^ ’ 1 40i|iii|iis 1 + 40xx. ' 1 1 A 40xx^ ^ 1 1 + 

Jtli.CMiMfii acljfejTtllinoMfffi scli^jTTIfi maiM) ziIifejF 

-lllMotgJite IfWjii iSiAt|j%i5Mi|i^5 llBjil iSi)igifc5g|i»T 

laiafifteP IgiM m«floci4#« 

MJotiff-s i5#jffli3M}7ia-5 

-tMtythfWysPf'APWffMi77|»^A imj^_|F«ltryj077A®'-^ 

WTnuxsP 1T«4 iTyp 

irtJTpTft^^pte mm 

EEMm i|«Tf 

)Bl37#WFt iE-^^liA=A^^l37#p)ty iE=:^_pAA|J)Tl37(f®lA 


Ifflitfe iT 
!«!« 1« 
^WAjiW 

lyl^ IT 

141 #t IT 
mM oil 


«ra;6: 

KSllfii) 

rwsm 



A€x«-«mi 6 : 



Oy 
64^' 
aT 
!»' 


KJJ^ 
gJT” 











iBWriiteAatBH imafe ^lrirtteiiBtihatetm^ toBaraM dijte^^teAftlrfBmi Mfa tedtjj 

IhiiH, JJquation (10), Thus, Equation (10), Thus, Equatiou (10), 

.13«6ft)fI|^7or m.immimimnm7dr mt=ii#lliM6a)fW7qr mtllW 

rftPiliii«»a^iifii|||iiMipfliM^^fi»iitoiliiii*»taiM»fe^rfW^ 

ir h>r falhii Ea nd rillB ftOHffigjir for fifongiaudfofoufflftlig.|ir for filliiiiriftHd foi aBttiiigifll 

»rfct»0Ottc- T36S terfctWThhfte^ This 2foflS | 

jlij^mrdal- lOd dar lOJ ^airf3fo§ftrda^ lOT E 

cMdMttifoOiA DerWftiliu ^avdiMyAfoA isnlMMte TtllidMMyMIii oertlftdfe # 



of beri^ggi^Lfro^moles of bei^^i^tf^gjmolcs of fonpgfi#lifw^moltH 


htrofcMULZoiit^ _jforrobeiiiOiiO . 

r .^sfLsfflaTMdTry.^maittahT 

BUiretr— qi2,2i0H2«W?J"“™" fi2Mn 































































































































































































































































































































































FICtmi^KMMmi KFFICIffi}|^Ktt:.SME EF 





reactioii, reaciioji, reaftLiuii, 






W»st«iPKttiaWiW»S«W»»ft^^ 

giSI!j,4«*®lifl«fW#fl* 



he h phaMP wiWiltfe in the ft phalfep in the ft pliaibh ni|tf||^e in t 


nhb _ _ ^ 

E-fl 1 


rtF, 


ft 




fill' 


Fhh 


ftftnUna ^ b 


ft »nft' 


^n«ea 






uation (Stilted in Equation ^tutcd in Equation (^tuted in Eq 


or or or 




n as maojje writteii as may be writteii aa may be wriite: 

io 

































nGAa® 




®i^HlJ GAaMCH£»«^^®Mi 1 uAaMt 


wllfire 


whem 


where 


iji§^iiEipiteffli^^iRieCKel4MepdifftipkM^#taetifktaesdilip|ite^^i§l&i€tiB€!l 
httiaJitiTOi, pGffaiHiiitt^t^ttlul^, pmpwiiMmikmBkmm, paigimiiittoM 






TIOIfSiAS-^SOLlD MEACT10M»5ASWsoeiD HKACrriOWajAiWSOLlJJ KKAC^ 



possible. possible. possible. 


ISO. genfioiis vapor phase. genbous vapor phase* geneous vapor phi 








formed. formed. formed. 

A«i^jii^w#itaBtf Mi«iH#i^^^^ipfl 




rfcdilfefa|^i«^B^HiBaiMciL^^Al®^®^M}BatMafi^^^l*^^I^HiBafl 
i» iilmimluiipjrfifltiali^ |lta»liiiiprrti dtiftl^ffi ^ImmthimmmiABA^ 


iidi^ imtl®rlitt^^iM 



if»Ki 


fa4»)frk^ 



mMd,iM)ksA^ 



*»fB)mo| 


where 


where 


where 


idiftenMirf wniid^rmriiftwfaarf wolkl^reiindtw^Hat arfiildiira 


if, ctc- 


if, etc. 


if, etc. 


[i-ttib5ta«P«»l*tt|, oip||Mb^mifp«B»faii^ eqi^MhliilHfcffyiHBoii^ «i 


= KsIMa^d. 

A :h A 


h 


$A 


- KsimuA^. - 


dr 


rCsifWlajii),, 


dm dr^ 

19) gives fiftl and (19) gives 118) and (19) gives ng) and ( 

(■ - ef 2 t“(‘' i 3 St ■■ (‘ - s 32 t 


^AA 
















dS' reaction procee<la= reaction proceeuB, reaction procec 


Qflliiin l||ii4ikaiiiiirtjii«pstitm IftiO&awiiWpii^ 


iOTitWofjiftiii^jHioliiWratttliicpWw^jaicilifcmtWepttc^ 
iaMsippi#® taflpiiaWiif IlMatepliifii iromalBM 

ilrtH? tl^*i|iA%iWicfcpilliie tiaiilipiiA»BWiApiiIIiHi 
r be any atepoilliiifniiy be any tp|p(#lliiiijiii|r be any t^frf’tthAfnaiB 

te®ftttllii«rtp4iipaaitoc^ tt!i8l«d|4rtp*aettil*ae®fittM^piipflfiiittB 
then expreiBiiljijfate is then cxpreseeiljibyate is then expreaRiiiiiliyate is 


=n 4 ibi - fib >—Al 4 «kl - pb ” lib 

where where where 

ttwififeaailicln pcrmifittntesrf ofeaptidn pernitrihltosrfntJaotidn perniHiiat 
QrfaofeilciiMa patpiratiMflRfaohiiplMji pQtaiffltiHtaitaoiaifdiiia petjjFritiwt 
rtntwfMfftriJiioE ©fpWrtatapOTraiiioE 

unit area unit area unit area 

actions, respectively actions, respectively actions, respectively 





LUm is rmtohpcfequilibri ii TTi is TWhimcfan iiTli hri tiin is imhhBt%€|lliJibrJ 

fiHKj \ iTfti / Kftils \ ani / ilsils \ Oh; / 


22) and fgiihA iwtri g (22) and (i1tti#4»aig (22) and (jlikiliMiaig ( 






























and and and 




reactant if, reactaiit i#= reactajii if. 


poneij|^*di^rtiiteiiipon€Hiif|tt«iii|pdAterinpoMeij§iliflifiBitrfi|tgrtji 


— 






center. center. center. 























BHblipi^ittieiLBld»Uteiifip^§ilii«iiBM^MaK|tipi^itf:#jjHH»M 
Chapter XJC, Chapter XJC, Chapter XX. 





AcM^iJ^etoJiite a 



mMsmsI^^sxftMmmmeM^Mfmn^ammsMa^mfif^ssmamm 



gnhs tAn tmliy zcro. ^ ^siibstautlaUy zero, ^ subpajitisllF zero. 




aoeCUs 


2 CO + Os ra 2 uOs 


2 CO + 03 = 2 COa 


2 CO + Os 








KFI^^p^^lfSFER EFI^^^HSFER EFI^^^^VKR 




Jtiim. J?Rpg||MiiBiirtiita^ M^dgms^misismd^tTQm F^pg|||eittiiifiijiiif^ 


_ _ 42.000 ^ , 42.000 

24744MF = +24 744M* = ^ 


+ 24.744lit* 


42.000 


- 10. 


9170 7 9179^7 

R 10 74^# = - ... + 10.74 


0170 7 


4 w/ 73 ™, 7, 

Kelvin gOftfv^ 4 = degrees Kelvin 7,9717 4 = degreee Kelvin 79,77, y = degrees 






»itiii^psa«iiPi^*#iiiii^*ste«Biilttittiii«ft§iiii^»aa«wtitti»#f 


HHiiea of niDS. 


Beries 01 runs. 


series Oi mtis. 





/ 1254 * 


/I 2nV 


/I 2 r\s 
















PABLE A— 


TABM A — 


TABAE A — 


or grate arB^ater 1 sq ft of grate aie^isis: i sq It of grate areftwisr i So It 
= 4,35 IM^^^^tWlig = 4,85 ll^i^m^ltMlig = 4,35 IK 

fci» oMmm. omm^ inoffifeA** Mummmrn 

I, -flaw o ‘«a» o, =«« c 


1 EM no, 1 1 EM no, 11 EEiM no, 1 


aaSuteEMijmyg, partial prigasijjmJte tipw .vg- partial pressninjtetmavg, partial pi 
,200 0,lWi05 ^ 0.19ffi,2CMl p,l«05 ' 0,1951,200 0,1^05 0,19® 
,007 0,«»Oi 0,00®,TO7 O.CMpl O,0O»,007 p,lttlD0i 0,0010 


,006 0,lM*07 0,01®,006 0,CM07 0.01®,006 0. 


7 0 , 01 ® 


mple/(ltf|EeAiiiOrates, ll>anote/CMi4cttdii)rates, lteinote/(MA4utidMratei. Ite 

^,00 Em® 7,80 8-00 7,m20 7,80 8,00 7,im.20 7,80 8 

rSO 7,4^11 5.55 0,10 fmll 5,65 0,80 f.mii 5,55 0 

l 25 0,m® 0,25 0,25 0,^04 0,25 0,25 0,m® 0,25 0 

L80 I4,®,3ir, 18.35 8,80 r, 11-15 8,iO l4,Sft,m r, i3,15 i 

,35 l4,lCi®^ 10,85 1.15 14,lfcl®r. 10,85 1,35 M,!#®® ^ 10.85 1 
.,i0 0.11(»+y, ®P||4,iO 0,Ii(Ppte^ ipill.lltl U=Ii(PP+ta iAPC|4 

as, IteplaiwMajtal chaups, IteiiateapHttilsI c 6 .ao.ge 3 , IteilniWjMiiiC. chaai 
I,18®0^rl04 M, 27®, 18^0^1104 M,13». Ifite=0^^|ip4 =0.27® 

i,tl28 0,22®.028 U-IH^ 0,22®,028 0,22® 

1.310 0,im|^ 0,10®.310 0,i®W|f 0,10 ®.310 0,10€ 

tt, lbnntl«^tei»Ilg fiKetio® li>.Tii#li^^* 0 tap sectioii, itegteng sectiqi 

LI® 3,^156 3,®»aOT 3,^156 “ 3,®®.!® 3,^156 3,W® 

1,028 0,^^3 0,26®.028 0,^^3 0,26®.028 0,^^3 0.26® 

1.310 0.#^f 0,®®,310 O.^plf 0,40®.310 0,^ip7 0,401 

LiSOltt-^iSO 16.3510.35016-1^50 16.3^ ®50 16-350 

, 8Wr:85520 20,8S»),85520:^M 20-ffl 

" airtniceiAas lea ' ' kHwaipe^as lea virpotefOftlteiiiCBpfea 

IS 5®0 00 18.5®o,00 14. 18 6®i 

1,290,13 1,290,13 2, l,29l 





1412149 1 . 


1,921® 1 



wi»ai ma^M m 















EFB^^f^^SFER 


IKE IN ^^pOTlQN OF UOKE IN OF INJKB IN ^^mnON OF Oc 

BCaqfyErata ^ 6™ lb/(hr)(Rq ft^ j^to ^ MM) lb/(tir)(flq ft^ = iOTlh/(li 
Ibonolwj^^Mg 5= 16=35 ItNmQlyj^ tong = 16=35 lb=molt^= 16.35 

Ill'll 111 iiiii in 111# lu 

B ... 0 - 00 * ifia o.ooiifMm = = = 0 . 001 .ifia o.mtiooi. = = .o.ooinih o.oomcmjj 

®.ift«i«i.iw o=»ai»3)=itiQa«ii» o.iBBi»®=ia«fl«ii» o^mmm^ 
»= i»maB%^MiO=iBa«ai=lima^j^o.afflflKffl. lofca^.liftso.miiflii! 

..... tt. Jm il.. O.OiB.m ..... ft-ll 61=, O-05iJ.m - -... tt-1%.63. * O.Pill.JS 
..... J.-6B 60. - 1 . Mi.m - -... i..6»_fii.. 1 . i4.g^ia = =.., 110=. 1 . Mi=im 

i.iiiafiii* s.mmm R.mmm 6.mMmmmm s.oiaiB 

. = ...i..at®i. -1.101.41... ....1.-3® 11= -1-100.41.- -...1.. lias- - ieos-of 
4. . laifl^a-M»aii»i^3. ifflofflFs. . laniiB 

v.nmm 


1. = . .^O..BKliirO,Ofm.j42=.. .^BFpiiiT0-0i«.Jii3. - . ^ft.oplitr(l.CIS®.lili 

D - MfliBaw^io. jmj - 3«iBa«ai60. i«a». »«iiaio»s«o - 

»- 4mm9mmmn . am^wj. oaoiiOTijiiao. am^wj. . aimj 


!=.... P.0«3ia0-00«.im .... fLo«lllTO = (lO#.im .... y.CI«3Sa0.liCJ#.13S 

m.ommMmi a. aaa =o«»««si 3 . osa . oaiajaB«ii a. mmx 

B - dM 15iW4S»2 = imOT2 - 561 i6f»llI32 = IM. JMI2 = 564 J6tW4it32 = immi 
B-aiqffimMi6-3»-!^K.3iefiiro3sro6-3«Mii-BtaffiMarop.3MM 
1. ttfiioMfflSii - im«». 9i*ifl»a8ii. 7».Mi. . i»-j« 

...,, o..ai=.f=.. - -.. u.flF, -... i»,6F, o=.ii.f....... ft-fif, 

4,0 flaottoi m omMA Q aaottw is.offli^i.o oaoKf* 15 .om^ 

i.6i9aiii« 9=8imaai=6i9»iiiw 9-fflmAffli.6i9»iiic» o.amaii 


elUKte^ffli^impMpt TroiaeiMstr^wipirapWgjf l^S^ielUKtr^ii^iagiWpf lW%i 

taftt4^raikia68MwiaAtBOTBhref368Mi«l^t^aWBiiEiailMsWl 
(MlHOitXfTO) (a*lgDyfX(OTF) MilliCl>flf«ir) 








_ For OOa; _ For COa: _ For COa; 

J Jj_ ^ J J± ^ / (1700)i 

[(^1 + (3F2)*li'\ “ l{M)i + (3F2)*i* [(P)S + (31F)ip‘F^ | 

^ j: nt Mf t»ifc® w 0. Af 1:™= wp t 




104 fOD, lis L25/12 = 0.104 fOFj, = 1.25/12 - 0404 1011, = 1,25/12 ^ 0, 


tei) ^ _ (0404) (652) ^ _ 

t M 0.14 fi 

For Oil For Osi 

044 ^ 

-^- 4:444 

P-O# 


(0-104) (652) 


044 


4*5 = 

4 

For tj,: 


402) 


0.14 


(00128) (8.02} 
For COf: 

044 


[ 6 . 9 ) 


piJw 


pu^ (00128) p.02) 
For CO,: 

0,14 


1 Qa 

- -S. 

pL-if 


044 

044 


(0,0128) (60) 


1^ 

pOr 


inr, 00128) (I 
For CO,: 

044 


(00128) (6,9) 


1;^ 

pi-iB 


p0128)i 


F irli||0 at icpmM4S#0 O* AFOflHa t iFcb iOflUa t iCf l|3jti*Oi|pl#i aAd; 

/»afof|iiP*a,=4M)»aw»teoo»|3&a2iaf#ipao,=t4Bt 

of 1,05 ftmm’tea^cOalut; of 106 ttmmOFrA^Oalue of 105 4»:ftOfr4WOaJiiifi = 

i basis qiiFTOfbfjMteHili* basis basis c^ifcObfittMteWiiil 

If the the coumm^mmm^^t the coii*«sOip(iiisptis 



pCf iha the the ccp|i|teipyi(|flipH5 


Otohto GO, _ ^ 6 ^^ 041 , ^ GOt 

»“-aSyrSTiKT ^ “WfHBiliBi) - ^’ ffigkuwfwg B" 




































EFt^M/mMSFER EFv^^FmMEFER EFF^«^TOalfSFER 

Rrtii fctm^mmEEm fct^^^mi^i£M «fiOEmi {m^^^toMM afcirtj 

^ce 4f 4f 4f ffl|ai;t^=--iii^_^p» 

#COa rj}Ai; lR*^tttii#llifi«0» rEAv IhaE^mtiitfilittfOt r^)Ap Ib=ft^B|i»l 

lltftr A = r 2 )*a«iiili»^lr R - Titm^Mism^mr n - 

tilii#iP^pittmMiittttetegij«!p^iiiiiaaMa««ikttrtiii»P^M*tiapljiiliArt 
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SrF 
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tea-te- 
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ff“ 
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1 t 

1 8 

8 i 

4 111 

te 6 

1 7 

2 8 

3 9 

4 1« 

iO 6 

1 - 

2 8 

3 i 

4 m 


irate. In, Uistaoce trom Erate, In, liistance irom Orate, in. Distance froiii ( 

?q ft)(tA|r rate = 600 lb/(aq ft)(!il|r rate ^ 6(X) lb/(sq ft)(l#|r rate = 600 Ib/q 
e = 26i8CRi« temperature = 2^«^^ge temperature ^ OfAwlWge tempcratur 


















































































wwsiMWl C*j«piMi^prfilkii* «! 

easWilj«pWi»w«f^«Wja*rt«JiWpMliWPttW«iateiMM 

ion mtesiard sb^mQ^MMon ratos^a gij||Hnartii««ion mtcsaHa eClIfftlertMWl 


I MKACI 




n^OUB 1>T5ACTmp^..SO OO HKACml^H^SOMl] 


tewiali»!il#iiwiii^iHii«ttiiWiiiiiiir| 



















rrKNmmmA^mmoFTENmm^MvmiimFTmNmm^MxmiBO: 


pvideii raj ampumft^^mk Rviden^ a^jHEifefctei B videart Mpaiiiiifc 


irwa^iftS&rai rate; rate: WfFwaeQ-iaaftimf rate:lfc 

" ' dr “ * dr ' 


3t 
P« rs#= 


O-T "" UT UT 

i *i#p*dt*fdrf) *pN# AfCd f) ®pN# «ifip*df*fC?r d) ^jNi; 


totpiMitop ppwiiiwittqiii^^p p%aif*iBipiiiii^i$ pfe^i^ 

adght of enter weiglit of wmtcr weigM of water a 


oigM oi water 

rtwMii 

mit time) 

imumm 

imt time; 


weiglit of water 

Ppwiiiiili 

(iJiiit time) 


(iimt time; 


weight of water 
(imit time) 

(uiiit time) 


o 


(i 

p 

d 


mtratioiij p 1 centration, 0=1 ccntration, p = 1 cf 


di 

ajfrsA size 

*1 

m esh size 

ki 

iiatWi Id iee 

2 86 

28-35 

2.86 

ao—do 

2.86 

2M5 

2.29 

2m28 

2,29 

2(9^ 

2.29 

2Cm28 

1.91 

I4r^ 

1 91 

14^ 

1.91 

14=20 

1.62 

ml4 

1 62 

2=14 

1.62 

mi4 








of time dr. 


ui Lime fir. 


of time dr. 


I 






0* a|y^”B W®^ 10=0 aP^jm^ 10=0 bP^PMJP 10 

^ ^ piiim = ^ mm ^ P«^ - ^ Pejm: 


&r 


Ax 


tf At 


Ax 


tx At 


Ax 


Lpiilf Timto^f|pia«dfi«it|nitf miiii^pjasrifmilipiilf wttt^^TiasMfiBil 


ifcfifrittt^^t:^ »airfi^»cfr»tiiiii|f;^ wairfiflpacfriBtimic# wt#otiw 


fa — V p7^ -— JJa = «o = » p7}p — pa ^ Va — V p7Jp = pe = t 


dp «oi d» _ dp ae 

m or mm m al ormm o’ 

dT dr or dr 


®P „,( 38 ) d = _ 


At At 

i)d(«tt*MMii4ajlii««itttotBW*li««d<<8W*iMlii|aiJpu 


-\ 

Au 

dii 

== = auie 

— = awe^ 

@n a* 

(39) 

Av 

dd _ _ 

— — out?" 

=— = didf^ 

. . 

Ih, 

'!"i;;;ii 

dr 


au 


(39) 


€3d 


= did 




dr 


= dMI 


= P^l _ X 
^ 

X-= 


=4o® ^ b s ^4«6 ^ i ^ 


pAi 














T^ENIlW^A TKn i SOPTENIPWOTAXOT] SOFTEN Il«*AXmj SOI 


where 

KEpAieJa;; 


where 


where 


O 


= —ot^ 


ilEpAtw^ 


Fieorutirw —bUi^uT — kiUdVo^ 
Vo 

= — 1 e 

w 


= =at^ 


KfipkjV^ 


G 


?W — hVgWgT ^ FieoVoti 
Vo 

=-- 1 


=bum(iT = 

V 


roups, r,fir»pMinlop^oups, r,tiaeaanti]Bj0^oups, r,fi^eii»il«N!^ 
#MfarpMttlijgK«Wi»Mfaiia|^ttijgg*il^Mfarp^telffiggfiiitt 



%hem iWnditioiisl th^K eonditionsi ihwe eouditioiis; 


r en it P = aS lb l»r Cu ft P ^ as lb jwr cu tt e = aa lb PH 

a = 30 ft 1^80 ft a = 30 ft 

tnin ki = 1=91 per mm bi = 1,91 per mm *1 m irpi pej 

) m 33,32 Ib/«<f3tpfflP) = 33,32 lb/#ifft^ftp) - 33,32 lb/firtt^»p 








































































































































































































































































































































































































































































































































































































































































































































kNmB^ffifcffl«KroRMANftlSTtr^ BTTOiTl RMANfOBgi!ia»ait«KlTlRM/ 


U)i From Fquation (4U), From Fquatioii (Fl), Fiom FqtiatioTi (F 

aRte^aa* + + ih8?t^=di»«87w^aai + aFSwAiiM 

S = {^2 2 ^ (^2 2 = (^2 


0=a9F= 


«o 


1 

1 + “ 
s 

1 

1 +“ 
2 


F0356 

2.61 


« 


0,3§7^ 

ua 



1- 0356 

2.61 



1 

1 + - 


1 
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Dimte is thB caleium carbonate is tbe ealciiiin carbonate is the calcillm carbi 
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— ^ 0,0233 
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2L = 0,0233 


^ ^ 0,0233 


«s 

y = 846 IXlili 


aa 

y ^ 846 min 


J (e)( 33 g2)(S46) j ^ (6)(33,32) 
r ^ " 10s(28) (0-00263) (3) r " 10*(28) (0.00 


I 

nf 32- _of 32 _of 32 

g)(33,32r^ ^ (32)(33,32rK7 , (32) (33,32r~rg: _ , (8 

“ io®(®)(otes^^|j: “ ^(28)(ote5^^|a ” mfcor) 



ijliU, 1¥1 i.i'lO Stjlin, i ti i.ili^ MwOLli iTi I iiri Mi 




















pnoacMAteiwxMjsoRpnoa™^^ 




SORPTlOHCWAfi/ 




SOR 





(Q tf a{ Q )i# j,«{m I# i^i=i-ffl| 

r d^ (4#) Pflf * \ -^_ I rtT rfZ (4#;) fiad'e 1 ^ I rfT d'£ (4%) PtSP'e 1^1 rf- 

wlifife wtiere wliBre 


Sriiflflttlf 

rartity of sciiM|RIbffc4Mtty of fitjiMHfc^'dwiitfy of soidriliiiii 
aty of gaSj lb flieryd^tsity «f gaSj lb jpeFojdtftsity of gas, lh^F=odffc 
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tiwal atiJi pmmAmtMMl aiifi mtik 
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as follows: as follows; as foilows; 

=*(!-4>(£)=K’-4>(s)-Ko ■'>>(“) 

where where where 

= ffc h = 0c h = 0C b 

- W (I) = „(, - ^ (I) . ^ (I) 

mApTO^toaW^irfipiiiiteiflittWftrfiww^ 

W^!wf' < «^wf imZjmfi ij 


Tiiiis, Tlnis, 'rlnis. 
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b itfiffitflrtaffiiBiisaifa itiaii^rtiiilimfaM 
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racfallpM^# fi«i#itftadsM^^^ 
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oieFG^iWper cu f 4 A^ R paAS/^iWpor cu fthi R ^&sm 9 i«pier cu fLAs R 













































































































































































































































































































































































































































































NSFHHl^^'^ffllfrRANSFHfll 


rsmlJTRANBFHHl^KW^MITrRA, 
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T OF of oi 

1 h 2 1 1 A 2 

j = ctm)y* = PF« ctmyy* ^ ?,«? - ct#7)F* = ^ pfi 

where where where 

p, c = lP22p, c = F122p, c ^ 1J22 
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aiietwfcifw^iiflilKii^^ iPjiietiat ofla^i nilfcpitoisMitttffltEitBftP^iiiillK*^^ 

wc 48 haii«ii|AlBhtiiw^pJm®iihBMm:^I#^tahthriiaiB*irem«idieitefa|fca 5 ^ri 

s: Data: for calciilatioiis: Dare for calculatioiis: Data fOr calculation 


pipifl BeSfttt^ieforfl Beftafliffci 

iprtHitettg, Prt S t^wm i »flh.iprettMmg, p (3 BeH^^Pflhipajntomg, s,, Bcfi^iPflh 
mm) = 7ti5qbf(4#TO®iflSp) = DlsatDD^^tfMilp) = Dl5€lljf(4Wip®ii 
j lh/(fl) ( TTiiTp = 74fo(l0^) lb/(ft) (miitl — 74,5(10^) Ih/fft) (mifiil = DDCIO””* 
Fmm TaKfo DXIh From Tahte LXIL From TablB LXIh 

= 0,(X)909 ti Dp = 0.(D909 ft Dp = 0.009TO ft 

jr cu D Us = 384 sq ft per cu ft «= = 284 sq ft per cn ft Up = 284 sq ft p 
7ft5)^pD \^ ^ (0.ro9O9)(Dl5)^pD \^ ^ rewOOB)Dft5)^pg \^ , rewflOBjC 
a V iT/^ Tfoi Tfti V/T/^ 74J 
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M) = 17,46t = (0745) (IM) = 17^ - (0745) (171) ^ 1745t = (0745) (1 

^ maz = (207) (1) = maz ^ (207) (1) = maz (207)(i) 

From Fiz, 216 From Fig, 216 From Mg. 216 

w « w 
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go go 341 
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Thfin 



©),©,( 



u»>©ia@»>©.(a(a».'©,(i; 


u (/O): rruni Equation (VU): arom Equaiiori (/y); broiii Eqiiatio 

/#w\ /aw\ /o«\ 

017 ““ ImA 


= a 


- 0 


(78) 


(a -» 


( 78 ) 


(a=» 


( 78 ) 


(a 


u (yi): Erom Equation (yl): Eroin Equation (yi): arom Equatioi 






^ 3 ^ 8 ^), = ^<8 ^ = 



incrcmMMMlii of fiiiite iiic*remlBrog|s oi iinite increm|#f*i|js of liiii fe 






bb*M iMi^ttaWimBlaBiaf tWiftMMltoiiteiM tMiwttawllaaBi 

feiiilol ttfciirtiMfBMt 



id All, menis of Ao jind Aio ments of Au and Ay. ments of Ai/ an 











ci 





t. aBta^i3iMi!P»i<W#Mit«^iftttlpaitrt»t niitaipia^iaiftic|ft» 
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where wheie where 
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HMatquakfiie^s.^aaa afiSHteraM'fmHMciostaphcrasrtoraoO-iptTkrioermg^ “ _a-tr 

iowiug iiicchaM^^pS; ‘ he luilowiug mechamgrrtBtthe follorring rnecdiamgritBrth-- ‘--' = 
raoia^~EBkf»rtrtpi B-r riiicMtisHRdM(teOck«ekPii( 

rrr- - - _er OITfUmlii: -eeStuR Title-Erpliriat of TpmiImMl#:af Til-eeCiiirtit-Trip! of if iririhn *4^10-- ie:- 
=07 fidarar-orO cot 

raaatteU:^ iMil^Bifts««PT.S ooafestflp isiiteifiE»*ait; 

oil. fturfaee rea'‘ “ surface reae'Hin. srnrfaro r . 

iJldaittowii :ftrtaipBfpitpaTEkeii*iitiii^fert8tpaMrt®ffifWlaatiitttittfflirt«pJKpietpR: 

LSie_jstRfirSf»fltfi_ri :«*REstioiefMqJ-iSiwtflli iTOM^A&flf^oplfefitSmifttli fflwaselt 
iinimi|}#kffi|e^^iBpWHWMpa|iipO|f^ft^ajsSiHiLWl4w^ 

eqiiili to 2 2to irqual to 2 2o_ equal to 2 . 2 U_ 

eaay How. after 5 hr of steady tiow. Mfirr 5 hr of rtoody How. after o Hr of st 






MS ll^^xtfVBLEMS llgJ^rfipRLE 

croMH sectif^^i^l^ total cross sect^U|l^Ali total oroas Htjctggjli^li total 

ino 4 iir, g| ||jg gijji of a a and 4 nr, |.|je end of 1, 2 and 4 ar, itg end of 1, a t 
tit of the aiifhpTOigiiilHiJiitE of the aiit|taf|||giii|^ of the aliiMafliiEiliwtM 
^^MrnMm o||i!fifl|%l®wpgl*lie» s|||l!fTftiaheiiipglto c|||iH?i|iiah©tii|fi 

pocfcoaterit gi^iifpi^iffiMseiiieffeontent g|wliiii|Miihcii«iJfe«fconioiit gpi|lit|i|fei#|i(ilie!ji 
edHoietoro c:||jfdiifooiSi«i^tiHoistiire Cf||fdro#|StKifaMiflotstdre c^Afpfi^igMmm 
mfAdmarb^ ksM MaMftiiigarh^) I iTitfe Itijtkl ^Im Ifollal M 

pHp«oi[»lli4lilliljttM lattiWpailHtWiWiiWilff iiltii^ttiil|lti«ftrt 

elttalsi® oWl|iii|fcl|i»^telM^ o%gi*|itoilrt^«itel«ii«e 

lib |i»wafcfcjtt«ipiffis»ib 

; hr period calculate: hr penod calculate: hr [Wiied ealculate 

if bed requiiafMbc depth of bed reqtiifBi-The depth of bed requifBf.The depth c 
Diatiii» tMidlfftbiflletaTii™ 4iiifl|»ptrlifiteii^^ faaifftbtrHMBaiwHifl 

dllte AeiftMtftBqsteiieB^hdTBy: attaBlftHqsfteiJBmbWtfllp Mbaiill 

equation (65)= IO|uation (65)^ Ek|iiation (!>&)= 
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^Mmm‘¥^silQtitim^mmMiVmiimb-~V^:t io5fb|l*iM||4^ilXbiaft*-iaifct ioaftiBlpalafci 

[iAaiielsJAf^fciad clmrcijEcifiriiijeliiXf^^ted cDrcoBdaflaietiiXi^^tecl clmreoB 

Mr fafr DBM^viflifcJiiifriry i* iiiUi^Mflak iiiiisF 

, ««roibuijiiiij|ii{ftfb|fb, cSAaroiiniiii^ijjid*# j Jfu 

SJIM atomic MtdliiiSnii atomic |i|iillttt(Bi aiormc pjriltiMii 

MpiibrioiBaiiliiiyli^fgjT Mpulibriiiii|ptiri|ifIW®iC4 SIMNbrioiiatli|yifi^®JC4 
t®Boiiamo ts pfia#|ilif##il KMomstaiito pfetf'fiicAIibllWoraita o m nfeiit®cfiPilb 1 
.Jiiii ob llMifeotaim eb llM»Eters, bOlitfi# ob picWimtera, MM 

i iiiMdii i iwpimtisttialiisttatpM liriwTulC^^iHliadiHtimf# i 

p |B»otfWftiiitfcj4tfaap«i ffl®oilttfiaift*Bi4eaapi« 

iiecfci^ttn t ikinBngiiiMi«tiiii«EI^Wn t *i»tr=aimi«»te>ioT^»n t 

as, ea«iilUifit l^cienta^ SliHiifctitlit l^cicata, l^eieoi 

Inechaiiiarii of, mechamsm of, EIIS> mectiainKm of, MJMSt 

Jflf bciiKoniabBawliia ttii lOM lienaoEicsbBBiiiim Ml ICUl beazeiiabpaailiifa tii If 

iM wpMSi-t, Milnolccular siM EHiiciSit, HfJtooIeciilar mM amiAiAt, MaDoIocular a 
spfofeiSitiftl, clBftmimrmturtjwefMiitiai, ilfifcmpemtiaiO|arB(t^4tiab dfifctopemttiii 
aAteaic Mbi*i^g^BpajM«itf4*Miett?i*iHpB^^TiaMWirf'teMe 
reversibility olpi^yj rcvaTrsibiJitr/ ofPdTlti rev'craihilits’’ ofpdSb 

^t&n der M'aaEp4®U, MW-dWiM der WaalspliW), MW--f?|An der E’aaEpli®Ci, MAff-fi 

fcdj:M»tescMWMt^,sflMteifp««te3^®totasft,siiafcuipartKfi^»lfeis^-,slM 

B«rt^J»jfrt£i^»W|dfc:«|tatpUlmirtii^»WWeti|aaMi>j«i»p#ij^pttikIei4^ 

i^tomsliflitewinmetrical s^te*Mlii6W®amnetrieal s^»^aIifli*8®diiinetricaJ s 

fl*>n}litin i.^ti5iWfc^=M^4aa)rption afptei^&TfMBflMirption i^taiW^alWoi 

fttirt, I53D mixed acids, J®irt, 153^ mixed acids, i®Mt, lliaol mixed acidB, 4 
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pamticMolljaisafmiiElajai separaticNloHlrtiWtwrti:teiHi :XX:||N rx I j■ A1 fttijftwwhBrf^ aZa s_ 
Mptie doitralpaAt^HflEtiM^ic dBrtjtrtprtWjititfffciiMpili; (MtratpiaMjE c4-,,;a£i 
Svatedpyfffl>ECi »tuTW# , tflfivatedpSlttlliEWilftiifiri#, tfffivatadpplNlEiSiifLZ:^:, cZi 
slpaft, HBtitljitSiiii Ezpi zz^ 

iz zHrnm^UMm ijmm mnlkaM# irdiartcipfeXMiiiifripEtiplliiTrfiMairttp^Wmtimm-eniafpci 

iX" a®2®ftliKrat iMoifidrpl3liiiikpjaa®iEeratilMTitB4rpBiiaA|Uja®iijeratiiMEiB4fpp] 

in water. 1 ‘**4—tKiSn bill ty in waterx l4ilN4^:Xb ty in watnr.^ lA5-4lIuhility 


tre—catropy WfdrticiBperatiirw-entropy Etisirt+ayifjeratiira antrcip\- EHar itewiiD: rat. e 

liWEy iiptlftdifjpairaajiwi^Aiby isapleelfJjIaasagdaifeiliEXMm® hrf 

ftjffilty al M, (WligiintEsfp^, {tiaipltai^ tAttstfn^iipms, eijitp 
carbon, 324Bojy|||i^pBoos carbon, 324bol4li*'phouo carbon, bblBolyilifrplMjus 
coapJilflttlSlttOllfiiifMte of coal, jl|ftfet:Wlrn a¥fel 4^ of ciial,Jillii4l€!ttBAff|»l#fe of 
y. 4yi«b^c^Plif||aMlB, iyiiy:h^lc«pii^s|yi||i, IMxt«W4e«»l8lp9lvii 
rciml lEdidlf'ibuticni^ft eharcoai iE(MiDibutioin#iBcharcoal ia,clM#ibntioriji||_ciMti 
Liiirntion tSf, tjoXfwliBlos, mtration fdl nit rat ion iSft noSBcifiSftco;, : 

juatiOE bOPPiyii|||#|Wftis oQuation, rWoplEfflililWlis equatbpr, fbllipl^ftjlWais ci 

4 yyiyeo*iit#fiHJ!PWtt«My oWi€«IWlii»t|| 0^^ 

Ijlift. 414,01 arial balf#cfjif, gffNliftiftTerial baliwciolfB ssfyiiiaterial baliWiybfif, 

lypbXii ooppppp. f rac tion.,15 4 rprfpPoo fraction,_l5 ^a/yfVMiic f rac 
f 'TXaPwittPPKM^BLfcnptllifoic yxrf»ittpppin.^tHMiw* ntM "nsntffPbyixyipytBiriW rhea' 

Iwiy |yi#4l#S«Wftr 

1 !T 1 |P. pajpCiiml,j|;#,Qyo voiunies. blWirma!, j^mio voluin|f, biWJrmai, 

jffW! 3, t|fthap|g|j||^^fiea 3 ^ aSftha^ph^cwMgiM 3, 4&f» 

Hircc DcPwiftHnjypp^p^ll^rtijTce befyi' 

of petroleum, of pelroieuin, 

vjiroaPaXH eyftSiXpXltftjJPzHialrogPWot# 

%H, OiDnd bont^Biildfiyipja, OiXtid 
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i«dllMlJteirtuKftiNKJnatenMlhMii*ill|i^totfbonNeiiKdhMi^iilip^®arboiiaDg 

Dytic reaidiJItiteliipCi, J^^alytie l^ptalytic reagMittiiiBigfij liMi 
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ittiMilMXj yllaf y imaDiNaNe^iMJiXiMllaJy caodeiEliNei|iQiM|tMplllftFy conD i . ise fc 
i®Mike,C^ttNji]u air£or|ili4j^ii^lre,C^^onj amorphdiaaitiMaka^ flii fttiiy amorphAl^ 


ipliiiMlfBltBiftiiMpSrtlt^ilMffiiiiiiMMeiiESfA^lrtpiliifiMiiiMHiAeiap 
neryy balai^ii% 4#®4IJ2 energy baliiBa«lo^ 4iCP4d2 energy batotttiiio^ 4i(PiCi2e 
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in«iibg*»iaWftbte#ii3biN*ft*wfe4iftfcte#K®rn«W^®4a#iftxtepK 
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f |M;trolen»Jij|jii-ti3l5 ibfcf pctroleii » lijlaiitga^CT^f jTetroIcn»ljJtliiityaji^iilQ 
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adsorpClatolyiib Wff adsorptistoliyab MP adsorrdifei|tliyi|i 110#; 

prer brir kc^pfiniliHfrNQ^cerbrb:kc|M|pf|«tl»i|vptf ^ttarbri el^ 

mlial fviirfittwflwi IB, SfebiOwai eoifiiwwi m, mmhmmM couiJwiai m, 9mM 

fiicml eqifilllif®fibi«ffiiMcal ,:(,iliJ«i*ffiiif,iiP«WMicaI eqiftliliBgr«f,gip«M 

ilftni poiilftM!| #i^^pif«|?al iMiiiteMil; poiifateiSj ^#^pie 

ijuality WpN/ equabty iniypB SiiH f; #l#3l7 equabty iiipptoiiy WPWY ci 

ftiical rcaii*«itiyapon otpHtodnal reaPlMtea4*«** nfpMaieal reaWi«is;s4io“ ofpM 

=i«®Hify mirnwm Ob wy^MmiiY #»|eri^D oi^smYsmmtv mimmm ob 90% 
gidwrpti<gtoS|®##^pnisorptifan^^^^^}misorpti(^WlBrt^^ta 
fid ciianra Wf|WlOpf ^lq#WY and DrBvn^Hffvu^Vpl^)^/ and tnsaqeMfpfityWpbyflfe gi 
luWiiAlft^iffbbed, coob^ifl»iriPft^lyfbbed, coQii^i^Mri%^^mbc%jxml3m 
ites of, y^idized, IXM rates of, y^dized, JDN mtoa ob yiBHidiaed, IPtO ,* 
tridpfi; fiftj^lrti^em^pndes, iisj^gti^^^ftf^rides,' 

Brine, sql«JiMw4iPffiMb;hlorino, solOIBR^plfiTOhlonne, splifii}lffi»tjfiififflDWi 

M JO cyli^y^ m cyli^ii^ in Dll* 

LrfLn="-D V Cleamn™ i ;iRfk|=^ri==iB %mg-puu €jim 
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ilue of, 326 609 heating valutj of, 320 609 heating vNue of, 326 609 heating vf 


?i^i-^Mpdais9Mlt^SaMai9iW«I^»pt^3ifimtijSy3t»l:vitSi-^MpiJii^^ 

Dl carhriiHr82#B9 from total earbdiar82189 from toml cartjtJiarl216i from to 
use oh 490*^*27 use of, 490«if®27 use og iiOMif*21 

sachdtiMieciftfBaii^^^wnd 

pro cOiitevijMtti^^iMifi^n eoiJkentiCifti^^iftiifi^ii coriteninMIil^t ifpAii 
7354 for mtrogsnjvtpfr^TOol for nitrogaJKyttfr-WfSoO for aitrQgaBsy^ iii -- iit 
ifiros, Biifrii#ThytiEO|pmfnBMtoina, 69f|yi#7iytiitifcmfrniMttres, i 23 m®§ 7 iyifrxr||eii;>fri 3 

iriiacn, § 41 eraiitea|.l‘^afe^§Hrnaee, || 41 erahfeiahi'^ft 4 #iarnace, iAleraMt!Sd|l‘^MM:il 



moil lijHba^rfiOioliiriionnand hplbaBtfiiioillBlijonnand hyinh®gpiiBoiMrifcotii 
-pt^fiM&fillrcasioii, mtiMrtK^,fiiitefiiXession, muMscBBijfilisrOlfresHion, muttsita 

lerting siJIiiiadiiiSSfttiKttcgleeting sidliiajlt|ffl3aiMl4eglecting HiilftMSiiB5B3ife®i4eg 
ofrogeiiJtiCiftamfifS^rfMf hydrogeaaitiinaeCiBftrfiif hydrogenadiymKBlili^iSf hr 

if perfuictliiii^i^^i®fiit of perfosihis^^f^Mf^Hht of perfoHhaiteahi^^iWIut c 
B1 refrigermtiillft, iMdiil remgeratiiifii, Bfidiil refrigenCliiteg^Wdt 

1 ctnnbiSiiiglmfrfrl^^WfffiBi. combistigfr-^ittlSWflHi eonibifflliHlt“iii|iiBiWtMH 
?afllbl!Wpresmofi:pptfeiBjlpfli|NtSpremio%|iiftiiphiaflltNiiSpre^^ 
eod ratiXottitoiXcpiiillftjeb feed ratisjeUltfrtfjpillfliied feed ratidXWttotliijifilMed f^ 
i, adiabOPWblWlWiiJIllrtion, aciiabaifrifXffliMjittlfttioii, adiabafHtd*«|U|lnllfiftttou 
e eight pfyW|4|J3Wises ob weight pfy®f4113^iises of, weight ctfyi^4|D®ft4sc3 of, ’ 
by Tolumetbfj^J|%f^ 260 voIiimetritii;p’|>f^ 260 ' _ vobimetri4til3rf, 2 

HeatCpfiopiirtWsiDiil ofeo nfro HeatffrfiBpBi«Wlip6ii afro 


I# fiiuoH,t*i»*#a*ig|efi^ faiw,tiB»t«ftaijepii|s faim,imt*£io|^l^^ * 

frif iniMc 

Liiieties of, lw*#yrh33oke,_Dnetics ob_Jffisi6~jrtXqke,_k*n^**^iL®^i jPDXllXbiqker_f 
t eonC|twiN«Wl^^ contpMbttssaiitpigp|gi^ P(„ii|®Bjfraf@Afcpi^^|p. 

Cftpiiiary^ IhO, capillary, loO, “ ~ capillary, IMi, ims 



I3X 345reNograd%ffl|j|Meui3s 345 reDograd%|^hTiU|38. 345retrograd%f 

SePe XlDDxent pwf^jMfkete, XUngment vnufmoiM^e, Sfrlngrucnt poi| 
[|ldiiiap^iiMfIssUB4«iii#pyilunafelJlliftfe6»frt^ 

Cronjiigate ooluti^^ 14 a Conjugato soliiti^^ 142 CcNijugate NOluti^^ 

■f§b p| 20 i^atio^,^^pjS^ |i| 20 Bwrvstio|^^pr^ pf 2 o^vatio|jj^^ 

bifrrf acUvatpdyWP^CWffilSifcrf a 


cdvattylvWWyi^^tJffiVi 
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auiral heat Ua^fijef itoJtsMteral heat 
Jeulatioia iMEor-Dressiire calculation 

tim 



_ J oCy 

l^/tartteral heat traMlgr id 
calcuEtiou, jaEn^i^rtressore ea 

tfiliu 


I tftr TTiina tinTt gT, oia -oui terminatJoiliiM-, olB—bai tCrmiliatiOilefi, aia—aa; 
t pielesi^iiliilBjMiiteaiat pxelaii^iilfclaiSlrtblgat ^cNai^ifMtfjittiitBlia 

iikylatiffiucihltirfifcsicii^dkyDticii^fiiftlilMasif^^dkyhitiii^efiiglslffiBachl^ 

liJbiimclilBfjaMft, 65H3T ItMIbu tadteBa^ a Mi U GETifi, MDbiuXcdll*,ei|i|fU 6|| GG, 1 

generacy, Ifleitepe, dGDegeiieracy, IfSutauc, PGffDegeueracy, If^utaiie, dfflJe 
ihaciaticin flf piitft^iijiiii^M^adatiQn M ^ttrfytt^ fla^ adati qb ef 
firm, of copip|ftlipi% RRiDegroe, of eoppletiQirf, IBlDep=eej of coppletooi^ Bill Jo 
jSdilljerifiailalfilg loactioBSOfShporliaielfilg oontioiwoTGaperlypafeifilg reactionsy 

BtDiaiL JW et|uilibrii.i m , IdWdL Jiff coiiiliboiiiii, djfld®!, f I® equilibriiiiiy D 
i lolfissiialtfWiislB ompoKi tiomoibarti®|i^aiiToiiiptjai tiomofEMlilliMMToiiipositi or 
liytisijps*MhMj4WdiiiliSeliydcitt!ttt4»lTWdilpDeiipi»n«tttBtti^Wdla^ 

a taBd^^tfTMSldsritE m pft^#WaldiftHta.ntE of c 

piilies, of gaiiihfep Mirt^fcpTlies, of esMlfcs MistaHfciTlies, of eartittp MirtSBfc 
rf lifpiifte^ iSj«pmy« of bpiilds^ iST»|i«»rW of booids, ifa^piliep^ t 
sf odoedCigtil^JiMBity, Mof imioidCMiiiMtllraatyj Mof iidxedCMnlalJiffltfd SN 
fibiodispl 8illaadti«]flli^^lbl£aMtsiit tetjsytiaalaifj^fclb iosi iaigi 
if satrij^P^rtl <®ta*|cMinaf s^u^smiM c^tekjd^ti^ siariij^ioWJ ahfc%e»SM 
p temary solutli^s^ pllt-fftN tuirFiary KoIuttnWj, terriary solutii*!*, 

a^iyliWifieal pomy foiltehFjftipeijMBcal pEiat, foEau^ppeiTMtiral pcdy foT« 
mix Sw pseildo=, BW—ppibolk, PPP p^udoy BfMrdiflllboIX dd posiitlco, GiMrdilllil; 
iTlIMp i|ititi®MipK«ij^#irTiMp 4Mtimiipffi»JiKi#ifiTH:rap iiiilifaii pMswjsp#* 
IfilMjdiifciliipildf pifci^^iMMiiBlilcli^pcir pISeillfliiiAfiailrtciXspdf 
aHi#dzoctafpMfifliiMe5p®81rtffllohzei±iffpBiS,Miifcf^ilipMftabzettTfTsTiWWsp'lC^ 
it|inaXiWltfydJT*ii^'US&E eiig^eX^BMcrfl%iidrtie9. ePl^dp^Bpflf|jil^oties, e 

f hqiiidbasteiiABipWI&fiORjf bquidlafcftilBip^&fiOajf liquid 
I pifflifipftifii temperatuiBf pArffiEpfiSsl temperatuMf plyfJiBpfirei tempemtuM 
iitaftlpa^Kfiditioa from biiiia%ip«^|3Mdion from toiiMdaip.^WtiillitioB iroin E 
ipgOTiEiri3MLt<g~<ap^»BeHpilfrT:ons*Al»rt^aa MPep pilOTiQaiMjBr<ftopa^piM 

ppiM of IM of dfi waai^ny^plilW of 

atyai prpp»trttofi^Snta,l^Mved proi^li®i®«Sn-taJ^faive<l 

iicnantP, l^paltipon^ IdTfesiceand l^poltiuop laaiRgiccanm^U^toolutiom 143Jca 
fctivatetCi^ali^(WaSby&Etivatedy^^ilfEltjg^,^Mtivate<C^»a!iri«Jtfjab EX 
dsorptii&ii^atlHm T^dsorpti ^idmrpU A#iilp4«fBpi 

aleiunpeMtatiiaRoE oofalcium cf^^WaiSRoh BOtalcmm cli!sfc#il«ioh ftOi 
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mktma 

afllao^SSffBrential energy fflff!ax^^:Merential eruxjry iMJnntf^fc^reiiLiiii ery;rgy i 
fiyiMee s5a®^gsyil4D^iiSffles fgMtegxpSByXsftjiteyfis Jffiagtogeailf-EB 


fciency, of et^ffs%s{^^^ft:Eney, of c§fl^ffi|S4fift^^tt;ieney, of cftHilJ|i|a|§S|^M 
rtfii»it®Mtte^^M1beats, ofisBAs^^^fU^ltieatn, ■- 

imthfirm^ 684-686 isoXermaE 684 -B 8 B Eotherinal 4^5^ g|l4 yjgg 

yivCr-aU^l^l^jnD. 29L BOBverntH^Dy^iori, 291, 29iverx4ll^||yj^ion^ 291^ f 
yTvolumet^^ling, 294-29DolNine9||Oyff|,„g^ 294-29EoluiiM:i^«.|fiQg^ 294X' 
[A^eB^if9ig|ifantial__raD da,®,efl®ipjigyfentiaJ_rate daM9Ap®DiR2E:ritEl_rate cia< 
Eeinnodyij^ijigjjiiJifll |/fl theriiiodyi|^^,fti| 999 XerincEynar:^ afePyjf? 1 
yfer EifTOflriKftafffeor, Xfff C^nflrtiiwliJ flietor. fte BayE-f Bgj yp^tor, 
yjflr Mm ItWExXoIf^to#®^ 

y-EE-ntEEW 

li5aociatlc!p, prif |fl|_ Q79 Essoeiaticgyigyjl^y 9/9 dlssodatic9. y- 4 J 9 [ 9/9 c 
ttEr»B 4 iiff»vifflidfelEvafc«XriW 29 ffji 9 Bid,ilEvsiMrppyiifff#o^^ 

Mttterns fXXflijrix 981M3Mtmrm opfpipp 99 ip 9 att 9 riis 991 pg 

egopias Jl^yXrEilmXliiMEWSefflffpr Ei/en talpKlX«N lyd 

-zrrrerm * ^ _dEyyy-—~‘dgeo: -iriEy,y/D- — 


ivaila 


1 af!" 

pTlSt: 

iMffi 

[8=4; 
iiitErliaL 

!» 

Di tranala 

Efibjii 


olfitjx 


Iffi i ^ f ^ * 

orniation omm^y^^^mi^Joriimtiiiu BMMVimmMMJormMoi 

9 /y^rvati||yj|j 99 

riQ ctimmmffmtWMMimiXtitl cyieFafNa-f^f^ygtttSipiyai elf 


9 m rate ' 


?|grOf 


IK 

eat of dMiftiHif olss J ieat OJ So|!jHi 


44C 


[yiqiy 


dMiftiKtf^^^dXlEgJfear of 
“r^x iutv 01 tranaiauyy, yH:y„r can Ol traliaia- 

Ef, 2l3 -24E3|fj||f^ 




fPfW^E 


i|4|Emie^ 

. .^okcArolvtes, ea 

mteriiHi, 1 

1 , isCxsrfJfliSiMi. 12 

of sWiftiDEuyyimsElint of 6 
Eof, 687 Nltraiiaim^py^^g 939 1 

lEf. 243-2-lE5*EE®f 24X247; 


n\veW*^iiU> 
Qt Erid cr 

pro|pt#opr 

iincy 




tweWEEE 
Ql aciaj... 
Wr tiX: proflp(^op„4 

mx-" 

eipj 


yppi 

20 . xaicui 


|>etwi :4 




‘ 9 ^ 



lutj 


bWir 

fjjglW tempemo 

Xx_ E .-i 1 tiWe = 91 Fe xe 


rod hirtiWduniipre, 
ypg jOHSDtfSioy 



temperai 

tvtvfE rOea. 


oroi 

yis 

hoilW^fiirimee, 
9WS 


WMfms 



tempdrail 

PXW: mlF 
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J ^Bh temper ai4g»M fti^0 Mtth tempera4ii&i®jj|^^ MbE tBrtipcrailia^fcilW 
iiiiimll cflt^teitalftiigSififciffiii cii*Meilp4iaBlf%iJlIftl cflpfetefa iiiii pftHff 

!BsiiiB?8ErjliM^ifiimjniiB uTmmrinBhrQiffamMwmiAi prftsaiirJfBEoli^^oiBJitb ore 

wmb from, mm umm mm from, 

of an idefjpgi^tefclp T®* of ao idering^4glets f8S of an ide ilria i^■jlteb, fW 
imd:oiizei|tO|g^f%iniaf aOd-MTenreil^eltertiia® aj2--M;±jHiiZ-aii^et^|riri4i»^ 102-; 
Bf Tssolutiafc'Siiion ol dBBf Essolutlai^rHilion od 428f diKsoIulieittdiilioa op 41 
ISMilvle Bjii fri^ flarnoT BfiHBMtlvI ePBi gi^ Uamot, aflat-MilyloB arroM a Caraot, Ofl 
of gaseons tllj.'fiiiof gaaeoua liliBiof gaaoooa (flftffiA 

^#flisii ef|8plrrfiOTi^iij%^Ra4«S efieqffi rfria iietaii^ cfpijifriifiMeBiHlr 1 

ptflpoidHifcttlpfy JdflpfilojdMlUftl^ 9^% AdHoffiajuid aJ utigl^ Mi, 441 

lifidiiMBjWIjMMllritorioil €jf grfiiiiiait &iitigiM ltnteFion of ailiiiHaiaitiBp^BrrimFioo of i 
of Heparati®fcaMp244, 111 of Keparatii®|ialPpSfi4, 291 of apparatipfc|iiBp24C 291 ’ 
EisiiplHmBffl^WBipo diapEiBilljlilj#ffl|^Hilioo diajpdHidplBllt^^^gMJipB dia|| 
liItjigiMBeMfeliteifjiaMiir vmtapifillJefMfcliiiBff^MF vaikpiiMlleMfkipijBfpfilir yi 
^ ipiiMfcive diiHltM»lafp^M*p#Mt,ive dfciainiMlafp^^BjtftCive cifciiatt»JO%%i 

O gasp-s, 4«t4ifta gel, 300 gaseu^ 4»4fciel, 300 ‘iges, 4*^»aga0 30 
slfflU 408 of Boliurie aoictlfliBi^ 408 of Bolfpric aoicfcUfflii, 408 ot oiiltpria aoid 

liOnfifi^IiBtpmal ooptribntioodiO^fiBforBal contribotiondi^-'TMtoraai epotribo 
4 Ififirt, 8ltf aobvabon, OOO, fififrt., 61®^ aob'Yaboo, 330, Ifiirt, Biff ocUvaboa, OOC 
fiCOmtjjratodiiliiitepsmlpb iSimatpmbodlflBiiietiHiJpf, -fw Baturatodiihiifctiililof, I 
wspclflaMa«ali»*6€arU«lsfiil»Mi«inW»f0yHt«iMailMbM«|i^^ 
!iliri|}eriitiiiff jmiCgoJB^s, Unapicratijj#OMaperatu^ Wib O 

giiSIjOfi of<il:J«ia#liF4MiSpil»BK of4lA*afe41iy4#liCjil»PS offft«!|^*tr-tiii4 

ro*Tiliiixtff®a^Ws miYtaraCjBtiBixtffiFgp^TO mUtiirogoililixtffciaMWs adxtoi 

idrial coenMelBtA ®S adrial coeftW'l^wa, __ odrial M9 

of ^i#Mkg^#i«lfciMa of Mi^liSg«l^WirMa of 
blB-priint, DUa-^M-poiat, *8^}lUtlons, tipBT^®=priiTit_ tBIWiiraiOIlS, oua-i 

tailEl«k#fiS^UM»®f QhaM%iflaj««fifl^F^f»id, 0 

Mphases, Mfwatof vapop afetphases, M^ater vapop aMphaaes, effeater ™pop a 
wii»ipnpI^Mif^^ iMi 

froriOHttg^^^^^^in froi|F»l«SifW 

Etoria oL vo^teria vO^iiteria^E ^PwggO#, itiai 
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pressure oii^imBS-gg^cU of pressure N prossure p ol ] 

I erruEvapug^jii, Ffft somli errogyappi^on, prf small erroByftpoi^o^ 55 smaL 
^Tqm^ami^y raarowwiiagy eWAitpPE 

ssodatiwaiKj^ enfelfnfQ^ssPeiatiiHalfiifc eil4:»pB9#moeiatimiiltip; ettfel«J%afii 
ft! it§c|^tf IftcriilipfeaiiK^ 

fiff Exact fiitfeiaOHegta Upy pu Exact Hifferenf Wa tt4g4u Exact diflerDWSiplAl 
ipn, uo^quatioDs,v#ff®i4fflItiou, tiUs4}quations,r®i||iip|gftion, uuifcqijMtloiis,uiJ5KM4sfti 

Excesa re-actaints, TO ; Kxeoxs rEiXDrDiitN, TO Excess reactants, TO 

iiliJSjinaXlirmic ertmpoMdMfiMiDoTlft^oiii; eliiitppwfcfiijstf iNofiftamc eamiiofliit! 
a produDmtllflH, 2Mf exccm pruilsKtaxtlcMs, 2Mf excess prociui^fMjiSj 2541 cxxp 
MfemSMiXftiplliiiriuinl fftMwiiera»ciiV caMCPeiDeaeMprlBliMfriuiiil flOifift 

i^tipigon^ adififoprtcpiB§D l^felMaon^ adMtptfiDfiflD tWeliaoru adiabptiox 
inn conmfioixg,{llB-6figcaci inn caaidiflowp.lHIlNJBpeactiOii conE||ll|4p55Jejspt 
leraturej HAiflowt fiSf4#iqM'ratiire, THAiiiow, fWluiiifpcrature, wianllciix^ SHidififj: 
llflilc ixaDitflf|ip5fc2pd81ildiii8uc riartpddSflKXiiBitti&ifiae raaetiiXSlIilBliSinBKW 
bnii-eaJxiiliETMHiia^i Biife*iXeaDulBaTliimi®iS|tlife»iXeaDidHr'raiiiia8»S|tlii 
da, 718 Maxwell, ii8aii®Hua, 718 Maxwell. ftiMfliftima, 718 Maxwell, SSUrtfiifor 
. dlstnbMmmdBEipiftfBSljni distributintildiA-RalliBallm cdstrlbutlHuidlilfiftlatfiSlim 
moistuoi Iquifipliil^ifiii mnisruipi bqiitilidfillM^a iiifiistuei liqnidi(||iiSKili|n 
i 15S of solutloiiipiflilldilDil 158 of ajliitbiicljtiflp IBS 158 of soluiiOHSjffMIp-IM 
wted al iwnm jwfllRlbviBBtivated aliwurlowflSifteliiitlvaied alMtuEuyfliliCtefilitiv 
ii|, E3lS-M®entmpic tfftjacbflMf iS^ililniii ropn: iJtoffCiifilil E3S—filHentropiiC' fffitpr-pft 
ici*8ipS4isEalf o pi c pfi wfpHpi ipfoSlteWfliopi e ipiaillieWiiopi e aft eXp? 

hermabflIfwnliilJdiaa-liiEt bermabflkspliipj Ha'-iMitDriimbfltHpl 
*8,0411 BiifeeiiSrmabfiiHfltfew;, IMj BlEoiilrnTObtaifltew, lllit StibeillmiabljfHllio 
iprmtiDpaTiiBaeiital di|3a|blMrtaffliKpiuiawntal dfii^fittfriMBjqMnileeTital dipfitil 
i,l|lJi""B21 proper!ieBirdBaWp-Bti propertiii bmpt, CffiDal propertiiiiiriip; 

, liiH»iM%i«s»«frpA ili ^^ nmpmmstmA 

XijE, Hlxteraal potetrtfrflfleriS, Hxternal poterrtfMiBJiorgv, External ijOlemfMlisit 
bjlHIfilyraid ratatKftitTftiljTflfiEftprasD i1JiaTijftpr3||3iDliEDxws|l rQiatKnjtiifs 
oe, lipwiilg equatlQjf,^^#05e, iDyring equatittjl, ^Ifostn iNXxing equatlOil, ^@c 
, 152 Eyring theory^Moob 152 Eynng theOD=of=»noI, IboEyring tiicorygjfpdyoi 
dreanboiy tem|MrjUililjriiMKfceacPoiy tem|Eqitt|iteTiitHg8eaction_ ieiiipErptilfiepitai 
IftSc^^laBidieit temp^wIgifcsc^^Ulinheit tornpK%|Sif(ca^StiffiiihDt temp|s%tp 

eonujb0ifitoiSWlfatfflcyJr5EJeompitsuM!87*Iffi(®DyiSrtJcomFiEMd«J®»®^flieiilfWP 
fbiEWiSdbiHty (|pgp|tj|iqi#bjWCe^bility iE^ft|ii¥WeiS^Wpfbility 
systemeibiK cbl fTl de 2 f®f 8 r systeiaei&lS chlijilgc ^®ter systeiEoifriK clilfrlde pFHter : 

neralidAlbfli«iliMirit%enerH!EHiMc«»iiI#ftirit%eiieral§iiiic«WKf{?ttifit|te 
ndeniTOmttiicliqDipgpd Tendeii(MlTOftbcljaqgpff^ U:rnk‘wmmmc^a^j4m w 
Erf phMb!mrtM4ij|?|iiif|tPHOtjf uhy^mttmMMumtim 

WB-Wtfoy beat traiwfqij^^gb^gor Iwat transDJMy^B-Wrfor j^t transtfipylf 

etuall Eltti e tetnjferMii^^actuabKiattie temperatt^gactuabidiAio temperafiptiu 
mwire liiiWHiLi’aUtJa'=rHftfie iirsin. lltWfiMdr^fcMiditaiassaaiijarL dkWriiJil’aSittXapsfKBe- 
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flaa BgaJiBl 

oR of, 




iiPMliiPfir* 
flat 



oe, xiiCaYa slatit presBure, JSIpfffii staiit pressure, uiBpSrp start pressu 

SSiPplicatigp^fi^iBiit op fii8jplieftiij|^Ji|-t&ni op SSijplicati§|»j||jiJiefit op 
i ruipa op J%4iiliiior, jpU onitr op J%piiiuiou J« uaito op^plpl^tioii^ JO 
^sifitlRBlji^iKiliitior of tfcrtBtiiagbtteaW ii fttioii jX ifelipWitfof 
;||cap compp||gij|ii|0ri|yMmP 

mffoet, prpniilifls f^ppo^Xlffect, prpi^^ fljpoo-^tfect, prf®||pM qfiPJiv 

mr^Mm^rnimskm, 4jiii*iaciairtfi^#oiHiorp m 

rnim^mya^AjMmx^M, iiiita*«i3m%o|lh«tiXeiM tiJ^*iKyo%rt||hp||iaIii, i 
iS ^ 3 p6-311,w, Sni^ iil=Ji3 ^ JOtUEmw, iol, iBlXiia 3flT-3ll>w, iiJi^ iiTTJ 
M^eratuittmirfiit, ^^^-41#ei»#eratr iftjiifttet, “Wi-4iB3t4lierataifij«itl«(, 
aflBlH dii^»iMiRalh|5itiiJW cIi»M»|ieiatfpS|ai 

aseoias fSttastjouH fuWmtPXMsMk, TiWaaeoiis fuf^eSMiatilfh-, fi® 

rapti# 3!aiariir%u*§iittal®*^^ aiiia*Kitgap*lijiajap«jr:tif ;«UiMfitoJisiillaiai! 

JJJFr&ori, 234, 23’7 344Praoa, 234, 237 JJJFrejp 234, 237 

i®tj^Miyalis of iMEi^jasiails of IMfetprepllis of v* 

*|P4lrt«iM#a*®3te4fcfiAcwpJfi#ai:^i£w4^sli3i6iff*.e^itJglwil:tfeiia’!^piisi6Bfiieii 
[ff 42 ppicJioii tactOr, lulti 42 Friction factor, lOlfS 42 Frictioii factor, JtJ 
teomposi®mI^ay®Mtae, 13nompOHiflriMtgpsK®J8n2, IX=omposi®ttBlteiay'^®ffne, If 
lli^ressiliMitiHrf,v^feiipfl!^regaifiMsiiitf,v^feiffpS88prcssiliiiiJiii|f,iiifclfj 
^Dical phouttrtdpafMQ B9il^flS2aI ptPenprtipafMQ ptienriplstip4iflC| Bfi 

piaplMqjofc^ttMstieal eonspia^Tpo^^^^fetical conpratoWipo^ll^lPtioal con 

density^ Weis, 323 density, Biels, 323 density, Bieb, 323 

ilRthalpy oip^^RtiOn np SMthalpy crfp^^stiou op S^tfialpy ofpMiftstioii op 3 
entropy op filferp 372 entropy op Gttirp 372 entropy op Isiatrt, 372 

kpiSdarnicrfnwroibtt^i^ ofpSiftmic^iTO^Ibii^i^ ofpadamic^i^^rita^ijift c 
,ia&Te<B0ip SttMhg mfe^.^jiaflrya2Sp =^H^g TOtaw^,i807eiiflarf^ttyhg wteiarf, 
tectral®H^«ltafdtoBiiiplc^ctirtIp^^«t^^tenple^oiffll]|mftMltof|i^i®iTiple 
gtfaTflftBH sIMterifiESalantie a1iii8W=d saaterifiESaiance atfnalB'cl stsawrlfllftaiance 
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ances of, anceg of,JSWP^»i^^9H anci?K of, XHPX 

rtah*iBMfrt»yXBifti!#littpitliall^rywmwEpi»34|iKt}fll#alirttlD?wteiNp!s4ifi»Hsttl 
^sbat tetOTaaEiyrtiW^^p^^af dwrtarttrAea^iWWttrtfat 

J entiyipitwiiaMator^ |W*.ial an tEM mteffirgMater, iMAial fintiyipiMirBMater,_ iWAia 

Lir, a~|tcirftm=fttoo5 qpthalDv Ol, 4TOrarn-atoiii,WTriaipy or, 4'flliram-atcjm,<®iaalpy i 

tfpocfikrairiimrtto, MBordMlitMrftafariirtBrartte^ ^MdMliCyDacDfardutHtlft^ gOMtliwIiy 
W9ri ftjpgiwfiir beds, aASS-|»iyn jWpsrwNr Dris, aAMft-jftlfc lypapitfiir ImsIs, aAMlyf 
fpiplj^ Eitofift’aflnff fpiBMii Adfii, I^ftpiBNagntf pftBWoiillp EilciiEafiniirifradE 
liE-ilttpfiAaiire rifapaciirtrBXdJItHpfifilurf! dhwtfMieSfJjEJltUpWiure df«Baidb-y 
irnlftWAbiapI^, 

bviwfCifc«iih«»yoldtiallJi?t*eX -Xfcifea^^yo#itolltabn”iWGl^ihcftyoidhalf^*:.-; 
>11 Irom, H7 prcdil|.irTiipwMiou from, 37 probleiiBfWltion from, 37 probleraiEcTE 
lO Bf t^aa pMmc i drdlsil^WlifiBO hfl^aa pidaHlaidttgs^i ifip§!lf^iBaptaflDariiii|i*p^ 
pfJiSii^iapkielfi riin-iifia€iM||rt>iMi>^ remtwAiiiiilJT^psajEifMl rpip>1»mr|fta 

rieryXirfjiXiiiievelpIlSiial eneiyXijBidifii levelnflBia! eaergsOrijidlB leeelplSiial >>- 
Jii fjf,C3Wii-rf®italiapEiaction of,(liifltiEBitat4fllttfaction cEblilHMitatJp'pElact >> 

^iNHiicBjp f^SefUaaiE® fajaB'itawiwifflf-, clllefBiailp fa«atrpa:f«gMy, 7 

tiCii|it}Fti4fi BDbmodj'ieaii®, |iiltM;rlii|«, BfBmodyiiaiiiil', |M%>€rtitfr fllBrliiodyiisifli:, f 
lioiia of, 47il 492 yFE relaiioiia of, 479-492 yFE relations of, 479-492 pF7' rtdal 

fjf3 1 dfeaiMfyiif.bigiilijltlljtp liSlMFiAljifiBljssdltiiJiHny fiplHbrilElpBSbaaillitlilibv 

|fciiiiiipsD>8EieH tfipBlij^lDiiiiHpaiipggf 103 tMyilrleilfttmiHpattpiRies riieiifi4d|i 
lliii|!#ld*ife*sBDa|ftH»il^ 4iliiJ|lEl4i£siJB©s|ftHtri|3®fFllMl|l#Firf3iXM>s|ftsrtSljrX 
dofaiooiry tisarfiflaSftiw, satisfactory ttesroClMaiw, satisfactory ttortdJiillbw, sat 
iSiyiaSH, dflEdattjaliiaSia tlidiils, dffBBtMiaEcaai fllirtiffis, doiFtMsadifFliSI i 
Ii*|di8i m|adMlaFtWi«fla®ft|di81 mDiffiipFffMytifttfyiiS mtepitpFyfiidil 
miiimimif cll^ttiMMsltMffKisMBorip sliMWsFMkficffiislut® siai iF^FtDMFFfiiWtwi: 

cjra, dool coiiiljyiitiyHaaiyssiirc, ddof comfjiiaii^^pistlsure, 35t>i conityiaiiii|B,pi;iE 3 

KT fiafrspipcFf §fW(Misdl;Mi» W'HiacflpPeettMirilfiinolBw faiTiEijoipfbNCMirf 

oftfevor, 3f¥nect(MyHldiie©ii314ycio dfWtectOAyyitjiismFWsver, 33Fcct(MFaM»Fmc 

ftidiiadd-FoiBiaSiil^tesrf^ 'liiSittiiOfcFairtalBhrotetjirfj; - tft it En fidFFoiBbaairiisiBAirtii Fg +|ii 
2dd_ 207 any 26 o, 207 405 260, 207 suo 

doMfli fraipfcpeiitxTaa 437+3431 frecpfcprtltpipiiiilif freq»lepyiia^Wiliaiif 
#3iaff|a61€FiijFr?f47’^cofri3Ei"#fiSl«bi4iicplmr+£4yrrr43i43fiiil6f-ii|9ir%jimr%iiMr 
|fefftrfcctib4Pfirti^&e«nWifa?firFotw®ia#^toK:faiij®lii8aiib<J*4lfiafl2^w>t®i^RJ 

I standacd, aOteBOl atandard, 2f}|Rg01 Standard, aOpSBb 

Orjjmpre;ytflttl^®i®W^Wfcffor:OTnpar:S4ftfiBtg3iMrt®a:dtJi:-(>mpresdlHflit4§j£Btfrt^^Wl‘fl 
jutWr-iif CPTiHenaafioea|gsirB^5-#if coiidcuSaliOgiipSyT^H^-iif condcnsatippiafiS 
i of ■=> 4ft^ of dilulioui faM , 489 of Flntiopj}§|4 481 

4i0-492)f Frmatioi4i^3f4il0-493jf E>riiiation^igD3fFiiO-493>f Frinatjon|j||52fF 

riwffitMppoo^«lit«iibitteM|iOTp^f^fcttM6l^rfw^ifinppootfctef«ijiwf 
y4M4S^of anotrc>pic:pj|g®eq^^ fcof allotropic^g^eqt^dftpKof allptrnpic^lyjB 
MSi-Mjarbon BlXarbon KtlLBlaarboTi^igpi:^ 

ristaut pp|FsHeepwilln04t±46nstant prEdrHWBQnjaOS^p^pTLstard patOfeaftpWlBiOg# | p 
mbW4lB|^PHb#|i§P4^?i|}«MTOmf Ifi|f baai#^ ^jemB|f»|ifi|#fea 
R, 6O6-60a>i fiofi-BOBif Fns,^^f^|is 606 50»f 

orerdropy ift^^tt^fiaedortrntrppy WWJp^^XzailorentrpPV WW^oaFiiaod 

= ^ 4 ^ _r _E_ _ = 1 ^ - . ^ ^ =1^ - 47=7 
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im^aAteQlft^^UArfATit volumSWtoolat*aWisrAiit volui™x»moN|tTEiisSaia^ vo 
2fMyfieiio!aL^i4l^tion of. oL jaftolOAtJal.^^Soii oL 

ufe 

of temDeffetdeelfTOBiftict of temrasAWifalcjPiEiiWft of tenipt 
If liquids, 22ifmmM^mmf Uquida liquids, 22fc^jlll* 

Ig I^^gf^j^giog <|ii«Ebp«l I^ggolimiifpr 

Bl®B»Ure corrwjtiffljfol, alfURiiyre fs^rryfil^ jot. oiltrf*i*UrC sOrrqft|^ jiJf, I 

25T|i«Tliti3i,tion, 253g25I|ifflM®-||liSon, dSa^lEtWJi^iaiition, IdS™ 
Of mQrmtonucqsaW.atl3BYftt monatomio,jpgfcpj,^|q.27gt iiioiiMtonuq^l=||P,»|Jofq 
itBMftic aeidql^oSal 29#f2fl»ic aciclgp^yaj 20#«aBic aeidgjft|^SaJ 29 
of orgame vajj||ar*iB74 of organic of orgaiiic: 

Iff lufmetorieii 22ff refractcoiegi jgff rofraet(mc:|2lplffiii, 2' 

|fcbilM£iflIi gfijrtufiJaift§W3Bitt£i«ffl MfUMfeiftPaii 

f lirAiiCp of|iH|||ie|bji^fflliNa^ of|;^le|r:§b>i^f llrtaMlfiT of4|gi||o||*ii|5 
§14aift uratqjjf mBfl|oil4^Wf4iMOFotiq| ||%||yioililr^ 

inf solids, dld tiial, i2i, 41901 solids, 029^ 4l9ol soloN 2lr ri|a|^ 229, 41£ 

agoiiiHsa}, os|^ vgoongatiOii, ogi|iiB#a:, sS^ aaponsatiOD., aig*»asSjj osi^ yaocirigation, 

pjrsilmgql^fliqdcal rnrnmmttmpwmMhMm teinplrailiiteqfl^l^qeiil tom 
ioff ffsIttC »i%imiFiimI boiliniipiiMj boiling;|iafiliU gt%Pi§ririal noil 

irepiiU flWoSiiect of prosSiirelHitJilliifiligact of pre3Swepat|ilJp4Mfgact qfjsrsos 
wifiiilnjMi, Jifcpiioiatfwliitei, 2^ftt3i5teiEp 

iSiri|iijofpiiii|^i*juanincalMBpqiffp*fiiq^ftjjiapirtimliHlpdiffpi®i|Mfa«ftpiri€»] 
aftit#lftjdplpTTiifiiB|i*iiits crnfAmyAymirn^gi^mms e^ciliMsdffipimtljilp * 
swsk:AiiiioiftWo^4Ust.yabow'Sk>41i:iiatii::fciS10Uj"»kc5wska*liuatJc^sii:micaysiJ£€ 
fWiEraioq, ppJ^^^fociuced iWpssjot pfi^^Wpciijcptl^rpffttsirjk pftl^japlpdoccgU 
esfthHtipifcp i*WftiWco^fetiltelJiiiep pW^JpeRptb^teaH®® p»i%p%reriH 
e.s*jfa:ciattgH|fo^lV611oM6sfci#p:Bange|jafplk«liijM’BSiU*pc21BgeriP#PlT«^^ 
AiE€MlpilfUBe|roBjrisocaigbteie#ifIUfiBfrokj»ocmrBteiod^ 
ffialfplate, ifkJofmcdioiis, -SafialiplalOj f ddWraciioas, fiJfliilipiatoq ItAddfracticiiis, 3f 
pMjlg value, oEafrigeraiiHpafllg va,Iue, J|®jTijp;inaoiip®raK vap, ,g%iVigeraiiti 
ol coal, ogftf Wetting, 293 ol eoag 32®f wet t i n g. 293 ot coal, 32hf wetting, 293 
^ipirsffia hp^gj^lialiaOi^lll^afiin h^fe^jtialipiW^M'affin h.ffilfi«iitial.oflS 
ffif,iJiftltijrat-^tJpdJ;o»iW«,ijafiaturatp^dUjli4bOTt,i^toturat-idtiitedfpraib{ 
'■tiHbtinJtA, ttafTei plwrqiKraiiirtipnidl*, teMef 2Waperii-iHlipn3tA, gflaopei 

340 unite, teJS 340 unita, NJ3 301) units, 203 

pHtepaif-voir,iilI-#i&g i^a4rg^fflnoir,^|I-^ia=r, fitfftepeiinoir,ipiI’^#ifcg fj 
fettllraio^^fi®janity, 2Iieffltt2ran^^tti^jacity, 2Ifcfifl2ran3^ftS|jaeity, 211 

pre3SB^f84ir»8,W.^W*lt preteKrpfliit^-l^'^^^Il press 

voliiiTmpgtMlvffMp^^^^ vafIinilR,cil^p*Wfev^^fctgi||, volll 

in granulafcfegdfc SW in granulaftteife. flW in granulaataiTO, fflW 
11^ Of, 461, of, 461, mfMAmSfMm of,« 

fe<ghj,£il%-^^^7ttiprtsteJfe4ghn21B,03^fc^W-ifjrfes!iHfetelit-,3iftF^^:^Mipiffcsdii 
yffircailbr uiD£,y^Araturaffij$M8>r urnf,t4MteraturHffiiy#18>r unil tiftbferatun 
«lx4Haer ueftvdlMitBtfW. Mlxiiaeruoftvdiafai^fii, Mlu4I»er unftwiifeBfli. 
2lBnt4a ac^MBtoupiteW, 218utW a^^lDOiiii^, 2latffil afcgftilpapiiiiff. 
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:e5s^ Mrfal solu||Bt#^i8a™^‘t"KK, MDl soliiMlJ^r^rooess, ifial solu||fi!E|rxmmi 

y Q^sid&i Evk! t3nE®36Di NDDlty Ci Hfaifeystoiii/fWtficapaeity afJeM%steiiil‘irtficapa^ 
ipl8||#ffl|ii"pfti t }|ByXimtetiljlPlUpjMWicf4{ onjyXiiaEtttyElPI^^ 

ruction oDjJSjfHiiart^ coiisf riifrtion otofiQlffiJlartj construeEun otfif}3|i|JPart, con 


5 faaiKrtiqjcitdciiOSpsS^ Maiwdfipeitrteri0|iMiSi^ reaDM4ii|iyild|:(rlEly---ot*aiii 

ayboiiiiiiostiim v|^^«#ifi|34a"l ju il iiii uD i|mT|^#fc#iM!|WiNoiinfflu8iita v^nicE 

jrature mn^2Sp3SSpi3ilipara!nrc raiiipXijOSifpWaperaturc mnffl2;l-l-=D--iiai*pf 
tl inesact diftffl®lWlj.lpl:4i Inexact dif!f»tMf%lp4441 Inexact EEDeniJilplc 
biftij slifki iiiftii N p pp :ta| fiftKiaiC iUtkpiiili i u peipeBtftSlapt In tieECfSt Ibe 

N, 1 ofnlubirurc yyXtive, OP, laftilnbitors, Xplatiae, 93, loliihibitors, Nbiative, t 
tli liBMtati»fettM|bM«wi%id beMtofi»fe«iJ^iM®p%iilW helsltetiwbltt^ilibmiil 
litfctPBJtib 2W ailifeaageip ti||liffeif®it»b 213f sllihaafttsib IsfilJtlicffitftf, 2131 cintiaai|eip lig 
itepDlfeMft ia‘:M«4i«Menbflton wifit^ii! -cilwialjffijdifaab wJftt^li 1 -clDryysyianbi 
piiniJiip^nbclii|Miiaiilinf*pMti#Nf^llniipiaklcc*|iiiiiiDip^tbcirrr3y-4tiic 

N-BiS 684X30 of, OBf^-BsS 384-686 of, 697X98 " 684-8 E6 of, 6S 
cities otofiMilXIfliiiiSlIDapacities iiiQtfiblijlil61|X7Dapaeilies oSjfbilnlBnlieSJXapa 
ation of, aiEfSi727#Ep&i zatixii cli, IMXIIti/afXjito-icatioa of, XifrrfifX/yfflpcItiz 
aloe of,<i3#ettia|4,i3iiiini9ik oboDNettiniiiclftteifiililiie obXfEelbinpjgidllteifSi; 
tats oFptiaiMs'e pn^wtrl^ Beats XpIMtiaive prsipsffe; Icato oiiiftflffeivc prspftriiti Bi 
Mbk cpaffihriniaiCj^pp^tatfW ef|nr§hXrimicopy«ii|H-@Qri i:c|aiMte:iiJiniea®p;«mti 
371 Intercooler, iXt^fO-371 Intercooler, /bbXfOXll Intorcooler, I03X7(M 
ssuroIafteoeicIfijjBtiilr pressureDitefifttiliijtplfBr pressureMIfififiicilEiSfliplr pro 
;c: aiOdpteilfBsipiHIBpflffHloric acidpDDtefljjlpijsfMoric acHlpXttlEfiCpp;^rfiiffBlorJ 
aioiufitllislj»EtHttilS*BpIiSt4omi+il»llwETSiTdit|sfhptiaitr»Tf!fl4tti*I^^bfi%faM:^ttplii 
i3®4Wj-terTiai energy, iltfiy-^PWlbnTeriuiI euerpy, 3f)io_:§pEl4antcriial energy, flQX, 
Xnr!«i^stiim-^dfa?#tHBiopE6ef^c4#Jersfi9d6r#f.Hiifi^ipriBfi^»jHrtl^eii€s^eii 
X =D kinetic theory iJpflOipui kiiiKta: ibcory ppcwOlwi kinetic theory jrfcfP 


le, Xb, PbflXftfeafcgftfo^iiP^ 890^ PlftXffiDaktrMirftliiC, Xb, filsXHfcakg&fuiii 
ffebaJW3liiiitior»n#f cmfmmgp f=(Pttii»K;eQ43Nifi»ioiBn|i| epae^ 
^e X£- teTnp6fHj^ij^:-^t^^47|5 

NX Zfdkrnal rota^iWe ffifif . /T^ilfllmal ro{«|fp|efi{g§,i7^IiHkrnal rotajiftaij OTig 
DdxX:^^nbiWiwi3ohtw4ifiTOkX^Wribi|Jkffi?oit«njSktQiiaf^totribp|pji;fk*l!finl 
lyf_ae, terfcertsgla^fifltfBHride, terteMvfti^iyltfiftudo, fsrtoMp^pftiAfl 

ybb binderedbiSb pgr yyy hindered, YBi ppj. Xd bindcred,N37 kyj^ 

> 

py iaiipforinariaHdiV^iXftflliMl formariolilva^WsiOMldl^ ft>riimliii»€ii¥i^i jl 
nfbfiEy aprspet^aMciiilfi 

P 98 Intrinsic IHO^Ftoe^ WS Intrinaic 98 Intrinde immmuM 

44=^" " ==Er ■ 
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==^0' - — E:Z-^=^-\,^=r:=:^ £-^^£3 £.£3 £_E=_.=^r _£=£==.£=_ £3=5£3 

B4ifa»^le, 21g^nHow, B4«»^le, 21|^ni^ 



Jilibrls4*ij iUftti cgmptex equlllbfMiX, JUM: com ptex eqUlllbriM^j J^Hjl P„jjiplus eqi 

eniMpmrnmnms^^^MB eomprepi€Hi-qtIir^^fiii comprei 

yPurytiEPII^ar fin al solubiBprt-BRXv*|j^|i|ieriiijil KoliiblP 

tikmmkm^^mrnsiMAiurk kMrnflsimmi^^miMspjrk MArn^mMvm^miMM^A W 

J|irai 5 fii«st<aiTrtsc:cjiB®s^#a lpiiMlofiei.ii*coiiBisl^a Jp 
14 taTTipe@||Bi||p|fp®»®4 tempcg|||fl#a*^i«»®4 bempei|||JiiiB0l^ 
batafg t^^^g^sdmwtmMMg b^^^pipiMisorp 


ade proeess, IHlrt, lab Idade prcicess, ^ 
pMCkaolecttfs^alii^ Jl®lpti#Claoleciifi 


ilp^ IbS Uiade procoaa, ||i|rp 1 
fWiilifc ii€fflJdBlt«lllnoli:f:|j|i|8|r^^ 


isa Ui 


boiaciSBenp^ ealcuUtioaTiieiBegtBiatSj calculstionEieoiBijJipfientaj ealeaXtioasLi 
qaefiMaicyiiiiiijp mB, |WU^iquefactic|jjj|il>p bp aS/laquefactpfuilijp bp bPpi 
of Kpes^^liilsM;^ iipipof pasfts.MitiBMh, 4iS-4pof gases, Jliliiip 4ii-4W 
ll*ijfbic|iiif|j«pftiiiHspt|fi^it»Miquic|i|ifpef|iipib(*l|M»aiqa!c|jiTO 
i}i#®fcoXiHblpiMEPwfeIiWlli®ttaimfjf||teiMHpix*WBJiWK:SacaaHbKMl*liriJi6lfl 

EbEijMto^ppliffhfliiftoa effgPiiiJMlaiajlpl'M^Son enaMliWiirepjijlisPrhai^xXi hIP 

apixoB aos^soi aopioi 

cEffere lla iiEJttEBlJ difTereKHslp#l»®13 diffeniBlatirJlSgllS 

Pa^firtfcXdttrtetioe‘ite‘#ai^^rt*rJ5taiteitiowAiB'#»^t*^Bei««r|Hi|ippritairi 
StJg^iielgip bob fiot^flclgubr, XU 509«ft;lxahr/xU 

expariKioiHfcflOH'KpWb GxpansioKiMeMflBepTOH expansioKMpalSHepWJ 

ielBlil 1 sjgjrwifngi fti pfflkjsttjltslMil i zHlndiimtt 

h«lii^piiatjic efaeiTOprest^»tlJ®pifflt tic «f}ei^5r«Et^»4tJ^iiMt|ic ftpengKreict 
prpssiMBb“Mflr-=M. presxumpMflr®! prexsij«p3Bfl,"Wl 

ideal beha^Brioet|WJES ideal bcha^rt^^I^ES ideal behaiiBiRofil^lbi 

propertifiiofej^^da? pror«;rtitMif?^:^^437 propertitKiptaipda? 

se-s, fflaf^^riftlrodi^^aes, m»^%afC:ittipi*p£#a 

solubility of, 31 aolubility i^t^Mou ob 31 solubility i^tfiiSpn of, 31 

^AUfic grapfiparfplffi^34^#afic grarfiWssfpIffi^ad^iOTo gprfiprtfplJlfOTd 
filBatlBnl i^«iBifllafiB8ond«taatlard iSl^HdMajMaQridtriMMtlatri IWI^gidlfaijHaond! 
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»utE lipor IxISiito, ¥ftpor ®>iiute, «f por Ifc 
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ii^wtiiigiaMAiAftt^ t^^mrnstMmii^^tkmkifl t 

daENflaTitf'^^^toBimotecuNfaiif^'uiytf^^m iriiolaa iiiap ItipaaMygjgghlftj niTn aiaai: 
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F4S/ iMd'DitMtaroieD, i84D8i 233-2iS wdropjE 4KE-4S/ ddoDli Buiropsm *W 
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36oPipressi<wa^Wl#ipIf FFdompjpasidfE^^SlSBf 9 XSFomDressicfit4BW*lit39 p 
cycle of, Sie cycle of, F/ff cycle of, 

1 unMmW™ iJn^ncentraEon tindwmtSH mwocenmaPon uiMa^mh im^ncentratioi 





r INDEX xli%SUBJECT INDEX xliX5lJHJECT INDEX xli^UBJEC. 
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^combifi^a«aBiiat,’of combtll^fllMMat, of combilfl«a»rfiMat, oJ 
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etewigeactM^iij^ailfteii, heterogciMjtiiii^jj^;^^^ beterogeaet«ii®Tf*ftfipeii, a 
in diltuHioij, obfttWJ ■ in diftusion, b/fftM/) ■ m ditfusioii, 97(1050 
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Wnatiiio|r#la*tii^, BlteKMim|i||iti|wlH*t|rtf*j - 

■ TOBrmtionatMewxi^s, i®S®mtioim|jiiiti^icliKs, iroB™tioim||iae^gic|iHs^ j 
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ilnji*ir;te®irttt«lpWate, ioriMjtbeM Wa^ ^rty^ate, pkiiaotbefW^^Mip^ate, 
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cngsdpWEjtegsrtftMW’Eals ccwialdi|MEok«m«iaiWEals oonsife^Mdo^ms^iifWljals c* 
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iXolmelKt- otf ciifTi#jrpiBf®jKolJ*rfE etf disAyplttiiMpBlAcilit: e<®(fifri«ypiittr 
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4° 777 N-rav^ mcaatWffieiflS® 777 N-ray meastiV^firtti® =777 X=r:aY maYaaDrai ifS 

Niergy chargy ehorpy mfWfi^tlDN^D ‘ 
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hermai; 640, 642-544 isofliermai; 540, 6D^-B44 isotharriiD; 640, 542-644 wot 
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